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FOREWORD 


This  test,  Project  3762W004,  vac  responsive  to  an  Air  Force  Armament 
Laboratory  (AFATL)  letter,  dated  1  Avgust  190-3,  subject:  "Test  Request  for 
CB  Mod  Kit  for  Structures."  Testing  was  conducted  from  9  December  1968  to 
15  April  1969. 

Personnel  responsible  for  t  sting  and  report  preparation  were: 


Test  Engineers 

Test  Design  Engineer 
Human  Factors  Analyst 
Development  Engineer 


Janes  M.  Woodruff,  2d  Lt,  USAF  (ADTC) 
Ronald  G.  Pickett,  1st  Lt,  USAF'  (ADTC) 
James  E.  Eurda  (ADTC) 

Charles  V.  Durham,  Capt,  USAF  (ADTC) 
Kenneth  E.  Seymour  (AFATL) 


Information  in  this  report  is  embargoed  under  the  Department  of  State 
International  Traffic  in  Arms  Regulations.  Releases  to  foreign  governments 
by  departments  or  agencies  of  .the  US  Government  are  subject  to  approval  of 
the  Armament  Development  and  Test  Center  (ADTTW),  Eglin  Air  Force  Base, 
Florida  32542,  or  higher  authority  within  the  Air  Force.  Private  individuals 
or  firms  require  a  Department  of  State  export  license. 

This  technical  report  is  approved. 


’  (2/./JJ 

1  R.  F.  TODD;  Colonel,  USAF 
Deputy  for  Test  end  Evaluation 


■  ABSTRACT 

An  engineering  evaluation  was  conducted  on  the  CB  Modification  Kit  for 
Structures.  Environmental  testing  demonstrated  the  a  bill*..'  of  the  system 
to  withstand  extremes  of  temperature,  dust,  and  rain.  F.  *;0r  buckling  and 
corrosion  prevented  operation  after  humidity  testing. .  CB  simulant  testing 
demonstrated  that  the  system  meets  design  requirements  and  will  protect  per¬ 
sonnel  with  99.6  percent  efficiency  in  chemical  simulant  (Methyl  Acetoacetate) 
concentrations  up  to  100  mg/o^  and  with  99.99  percent  efficiency  ir  biological 
simulant  (Bacillus  globigil)  concentrations  up  to  10^  cells/ra3.  A  C-123 
aircraft  will  accommodate  the  service  module  and  tnree  filter-blower  units. 


Each  transmittal  of  this  document  outside  the  agencies  of 
tha  U.  S.  OowvjMTfc-nuit  have  prior  approval  of  the  Arma¬ 
ment  Develops. it  ijv  Teat  Center  ( ABTTW) ,  EgXin  Air  Force 
Base,  Florida 


(ftm  ravassa  ef  this  pgt  is  felark*) 


■t 


CONTENTS 


Section  Page 

l.  INTRODUCTION  .  1 

II.  DESCRIPTION  .  2 

Operational  Configuration  . 2 

Service  Module  Construction  . 2 

Airlocks  . 4 

Personnel  Control  System  . . 4 

Personnel  Decontamination  System  . 4 

Air  Pressurization  System  . . 7 

Air  Heating  System  . 8 

Electrical  System  . . 8 

Test  Configuration  . 10 

III.  INSTRUMENTATION  . ' .  12 

Cargo  Fit  Testing  . 12 

Environmental  Testing  . 12 

Simulant  Testing  .  12 

IV.  TEST  PROCEDURES  .  13 

Cargo  Fit  Testing  . 13 

Environmental  Testing  . . 15 

Simulant  Testing  . 17 

Human  Factors  . 19 

V.  TEST  RESULTS  AND  DISCUSSION  . 20 

Cargo  Fit  Testing . . . . , .  20 

Environmental  Testing  . . 20 

Simulant  Testing  . . 30 

Human  Factors  Evaluation  . . ^6 

VI.  CONCLUSIONS . 37 

Appendix 

I.  BIOLOGICAL  SIMULANT  TESTING  OF  THE  GB  MODIFICATION  KIT  FOR 

STRUCTURES  . 39 

II.  CHEMICAL  SIMULANT  TESTING  OF  THE  CB  MODIFICATION  KIT  FOR 

STRUCTURES  .  58 


III.  HUMAN  FACTORS  ENGINEERING  EVALUATION  OF  THE  CHEMICAL 

AND  BIOLOGICAL  (CB)  MODIFICATION  KIT  FOR  STRUCTURES  ......  75 


j 


i 


i 

i 

j 

\ 


1 


i 


5 

1 


1 

k 


’  :i 


*3 


ILLUSTRATIONS  AND  TABLES 


Figure  Page 

1.  CB  Modification  Kit  for  Structures:  (1)  filter-blower  units, 


(2)  service  module,  (3)  exit  airlock,  (t)  water  inlet 
fitting,  (5)  entrance  airlock,  (6)  lifting  rings, 

(7)  tie-down  rings,  and  {8)  adjustable  air  outlets  .  3 

2.  Entrance  airlock  of  service  module:  (l)  door  interlocks,  v 

(2)  inner  airlock  door,  (3)  personnel  entrance  control 
lights,  (4)  damper  and  light  control  switch,  (5)  light 
control  switch,  (6)  12,5  liter  per  minute  all-glass 


impingers  with  pre-impingers  (for  simulant  testing),  and 


(7)  vacuum  manifold  sequencer  (for  simulant  testing)  ....  5 

3.  Door  interlock  (l)  with  removable  bypass  pin  (2)  . .  6 

4.  Floor  plan  of  service  module,  showing  location  of  pressure 

taps,  thermocouples,  and  simulant  samplers  . . .  6 

5.  CB  Modification  Kit  for  Structures  loaded  on  C-123 


aircraft:  (l)  service  module,  (2)  blower  fan,  (3)  filter- 
blower  unit,  (4)  prefilter  access  door,  (5)  particulate 
filter,  (6)  gas  filter,  (7)  slots  for  forklift  handling. 


and  (8)  tie-dom  rings  . . .  9 

6.  Rea~  of  service  module:  (1}  modification  kit  power  input 

and  blower  power  output,  (2)  building  simulator  with 
adjustable  orifices,  (3)  influent  air  panel,  (4)  instru- 
mentaticn  output,  and  (5)  clothes  disposal  outlets  ......  11 

7.  Service  module  loaded  on  4&3L  pallet  .....................  13 

8.  Maneuvering  service  module  into  C-123  cargo  aircraft  .  14 

9.  Corroded  outer  airlock  door  release  plunger  after 

humidity  test  . . . . . . .  23 

10.  Buckled  shower  stall  floor  after  humidity  test  .  24 

11.  Back  of  electrical  control  panel  showing  corroded  air 

heater  system  relays  after  humidity  test  . .  25 

12.  Service  module  dressing  room  after  humidity  test: 

(1)  perforated  door  at  maximum  opening,  (2)  electrical 

strip  heaters,  and  (3;  corroded  fittings  . . . 2 6 

13.  Polyurethane  foam  swelled  from  humidity  test  . . 27 

14.  Junction  box  in  service  compartment  after  humidity  test: 

(1)  loose  gasket,  (2)  corrosion,  (3)  swelled  polyurethane 
foam,  and  (4)  time  delay  relays  . .  '£  *, 

15.  Paint  on  ceiling  of  service  module  blistered  from 

humidity  test 


29 


ILLUSTRATIONS  AND  TABLES  (Continued; 


i 


I 


Figure  Page 

1 6.  Interlock  catch  on  inner  airlock  door  with  top  channel 

filed  off . . . . . . . .  35 


Table 


I.  Internal  temperature  data  during  specified  tests  .  21 

II.  Differential  pressures  during  specified  tests  . 22 

III.  Differential  pressures:  Rain  Test  . 30 

IV.  Results  of  biological  filter  challenges  . .  32 

V.  Results  of  biological  simulant  challenges  . 33 

VI.  Results  of  chemical  simulant  challenges  . .  35 


(The  reverse  of  this  pngs  is  blank.) 


vii 


SECTION  I 


INTRODUCTION 


The  purpose  of  this  project  was  to  conduct  an  engineering  evaluation 
of  the  CB  Modification  Kit  for  Structures,  a  CB  defensive  item. 

The  test  objectives  were  to: 

1.  Determine  the  ability  of  the  CB  Modification  Kit  for  Structures 
to  withstand  the  following  extreme  environments  as  specified  in  MIL-STD-810B , 
Military  Standard  Environmental  Test  Methods,  dated  15  June  1967: 

a.  High  temperature 

b.  Low  temperature 

c.  Humidity 

d.  Dust 

e.  Rain. 

2.  Evaluate  the  capability  of  the  CB  Modification  Kit  to  protect 
personnel  in  a  simulated  CB  agent  environment. 

3.  Evaluate  the  CB  Modification  Kit  from  a  human  factors  standu 

point. 

h.  Insure  CB  Modification  Kit  C-123  air  transportability. 

All  objectives  were  accomplished. 
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SECTION  II 


DESCRIPTION 


OPERATIONAL  CONFIGURATION 

The  CB  Modification  Kit  for  Existing  Air  Force  Field  Structures 
(Figure  l)  consists  of  a  i  erviee  module  with  airlocks  and  decontamination 
facilities  and  three  filter-blower  units  which  provide  filtered  air  to  main¬ 
tain  0.4  to  0.6  inch  of  water  gage  (IWG)  overpressure. 

,  '■ ,  \  •  \  *■ 

jjy  ■  1  ■ 

—  ‘The  kit  provides  the  necessary  sealing,  air  purification,  pressuriza¬ 
tion,  irgress/egrees,  and  decontamination  capability  to  insure  CB  protection 
for  personnel  in  a  C.B  agent  environment.  The  kit  is  a  removable  modification 
to  a  structure  and  will  not  inhibit  the  normal  function  of  tho  structure. 

The  kit  can  be  made  independent  of  external  power  and  water  for  a  limited 
period  of  time  by  use  of  ?  15-kilcvatt  (KW)  capacity,  standard  gasoline 
engine-driven  generator.  It  is  designed  to  be  air  transportable  on  a  C-123 
or  larger  cargo  aircraft. 

! 

An  operational  kit  contains  a  collapsible  prefabricated,  transition 
section  which  connects  the  modification  kit  to  the  building  to  be  protected 
and  sealing  compound  to  reduce  the  building's  natural  leak  rate.  Those 
components  were  net  a  part  of  this  test. 

The  modification  kit,  as  supplied  with  three  filter-blower  units,  is 
designed  to  protect  buildings  with  up  to  20,000  cubic  feet  volume.  By  em¬ 
ploying  a  maximum  of  three  additional  filtor-blower  units,  buildings  with  up 
to  40,000  cubic  feet  volume  can  be  protected. 


SERVICE  MODULE  CONSTRUCTION 

The  service  module  is  an  aluminum  frame,  stressed  aluminum  akin, 
structure  mounted  on  extruded  aluminum  skids.  Its  dimensions  are:  length, 
12  feet;  width,  7  feet;  and  height,  7  feet  4  inches.  It  weighs  3,000  pounds. 
It  has  double-wall  construction  and  is  insulated  with  2. 7 5-inch- thick  rigid 
polyurethane  foam  in  the  walls,  floor,  and  ceiling.  The  interior  aluminum 
wall  surfaces  are  finished  with  a  gloss  white  polyurethane  base  enamel. 

The  service  module  is  divided  into  seven  compartments.  They  are  en¬ 
trance  airlock,  undressing  room,  shower  stall,  service  compartment,  dressing 
rocm,  plenum  chamber,  and  exit  airlock. 

The  modification  kit  has  a  decontamination  system  (shower),  an  air 
heating  system,  an  electrical  system,  a  control  system  which  regulates  per¬ 
sonnel  entrance,  end  an  air  pressurization  system. 


AIRLOCKS 


Snp-T 
entering  : 
lights  in 


■ato  entrance  and  exit  airlocks  eliminate 
nd  editing  personnel ,  The  two  airlocks, 
the  entrance  airlock  which  regulate  pers 


interference  bet 
are  similar  exoop 
snnel  entry  (Figu 


the 


Each  airlock  is  3  feet  long.  3  feet  wide,  and  6  foot  6  inches  high  in¬ 
side.  The  inner  and  outer  airlock  doors  have  a  fiberglass  laminate  skin  and 
a  foamsd-in-placo  polyurethane  core.  Each  door  is  self-closing  through  tho 
use  of  a  conventional  overhead  hydraulic  door  closer. 

x 

The  inner  and  outer  doors -of  each  airlock  are  mechanic ally  interlocked 
so  that  one  doer  cannot  be  opened  until  the  other  is  securely  closed  (Figure 
3) .  There  are  removable  pins  on  both  sides  of  each  airlock  which  permit  the 
Interlock  system  to  be  bypassed  in  case  of  emergency  or  malfunction. 

The  exterior  doors  are  latched  by  walk-in  cooler  latches  with  plunger 
releases  on  the  inside.  Tho  interior  doors  aro  pushed  or  pulled  open  after 
tho  interlock  ha3  released-, 

Air  flows  into  the  airlock  from  the  interior  of  the  service  module 
through  a  damper  in  the  ceiling.  The  damper  is  normally  open  but  closes 
automatically  when  the  outer  door  opens.  Air  flow  through  each  airlock 
is  controlled  by  an  outlet  near  the  bottom,  of  each  outer  airlock  door  which 
is  adjusted  to  give  a  pressure  differential  of  0.4  to  0.6  inch  of  water  gage 
(IVQ).  This  is  equal  to  an  airflow  of  approximately  ICO  cubic  feet  per 
minute  (CFM). 


PERSONNEL  CONTROL  SYSTEM 


Personnel  entry  into  the  service  module  is  controlled  to  allow  purging 
of  contamination  from  the  airlock  and  allow  enough  time  for  an  entrant  to 
clear  the  undressing  room  before  another  tries  to  enter.  A  time-delay  relay 
controls  each  function  with  WAIT  and  ENTER  lights  in  the  entrance  airlock. 
Switches  on  the  airlock  door  jambs  sense  the  entry  and  passage  of-  personnel 
snd  energise  the  relays. 


PERSONNEL  DECONTAMINATION  SYSTEM 

Upon  leaving  the  entrance  airlock,  the  entrant  enters  a  4~foot  by  3-foot 
undressing  compartment  (Figure  4).  Unless  he  is  wearing  complete  safety 
attire  he  will  discard  all  garments,  except  his  protective  mask,  through  a 
clothes  disposal  chute.  An  entrant  wearing  complete  safety  attire  will 
pass  through  the  undressing  room  into  the  shower  without  disrobing. 


Figure  2.  Entrance  airlock  of  service  modules  (l)  door  interlocks,  (2) 
inner  airlock  door,  (3)  personnel  entrance  control  lights,  (4)  fissper 
light  control  switch,  (5)  light  control  switch,  (6)  12.5  liter  per 
all-glass  impingsrs  with  pre-ispiagsrs  (for  simulant  tasting),  and  (7/  vsou 
manifold  sequencer  (for  slmlant  testing) 
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Three  disposal  chutes  are  provided,  one  each  in  the  undressing,  shower, 
and  dressing  compartments .  Each  chute  is  an  opening  in  the  hack  wall  of  the 
modification  kit.  /.  door  ’with  a  spring-type  hinge  and  a  rubber  gasket  seals 
the  opening  on  the  inside.  A  plastic  garbage  hag  is  taped  to  the  outside 
and  placed  in  a  26-gallon  (or  larger)  capacity  garbage  can. 

The  shower  subsystem  consists  of  a  155-gallon  water  storage  tank,  an 
electric  water  pump,  and  a  52-gallon  electric  water  heater  which  are  located 
in  the  service  compartment,  and  a  4-foot  by  3~foot  shower  stall.  The  storage 
tank  allows  the  modification  kit  to  operate  independently  of  an  external  water 
supply  in  time  of  emergency. 


A  push-type  switch,  located  in  the  shower  stall,  controls  the  pump  which 
supplies  water  to  the  shower  head  at  3  to  5  gallons  per  minute  (gpn).  The 
shower  will  operate  continuously  for  a  period  of  at  least  JL  minutes.  The 
shower  water  temperature  can  be  varied  between  60c?  end  120°?  with  a  knob 
in  the  shower  stall.  Two  panels  with  spring-type  hinges  unfold  from  the 
shower  wall  to  contain  the  water  in  the  shower.  A  drain  in  the  floor  of  the 
shower  stall  carries  effluent  water  out  of  the  modification  kit. 

A  4-foot  by  3-foot  dressing  room  is  located  next  to  the  ehevar.  It 
contains  a  removable  utility  cabinet  for  towels  and  clothing,  an  emergency 
lighting  unit  mounted  on  the  ceiling,  and  the  main  electrical  control  panel. 

An  entrant  wearing  full  protective  equipment  over  conventional  clothing 
would  shower  to  wash  off  contamination  and  then  dispose  of  the  protective 
garments  by  putting  them  through  the  disposal  chute.  Ea  would  then  pass 
through  the  dressing  room  and  into  the  building.  A  nude  occupant  would 
shower  and  then  discard  his  protective  mask  through  the  disposal  chute  before 
entering  the  dressing  room.  He  would  then  remove  a  towel  from  the  cabinst 
and  dry  off,  discard  the  towel  through  the  disposal  chute,  and  dross,  tak¬ 
ing  garments  from  the  utility  cabinet. 


AIR  PRESSURIZATION  SYSTEM 


The  air  pressurization  system  consists  of  the  filter-blower  unlt3,  an 
influent  air  panel  located  on  the  side  of  the  modification  kit,  and  flexible 
ducts  which  connect  the  filter-blowers  to  the  panel. 

Each  filter-blower  unit  is  composed  of  a  blower  fan,  a  commercial  pre¬ 
filter,  a  particulate  filter,  and  a  gas  filter.  The  blower  fan  is  a  direct- 
drive,  radial  blade,  centrifugal  fan  powered  by  a  1-horaepower,  203-220-volt, 
60-hertz  (Hz),  3-phase  motor. 

The  prefilter  is  a  standard  coarse  particulate  filter,  nor&slly  fccr.d 
in  home  air  conditioners  and  furnaces.  The  particulate  and  gas  filters  arc- 
standard  units  developed  by  the  US  Amy  Chemical  Corps,  h  1200*e$a  C19B1 
particulate  filter  (MIL-E-51215A)  is  used  in  series  tdhh  ®  630-cf.a  E14H  C2-3 
filter  (HIL-F-51224A,  kma&amt  1)  in  order  to  achieve  equivalent  filter 


life  spans,  Each  filter- blower  unit  will  supply  filtered  air  to  the  Edi¬ 
fication  kit  at  a  rata  of  600  efia.  The  ccKpononts  era  mounted  in  series, on 
a  skid- type  frame  (Figure  5). 

The  flexible  ducting  used  to  connect  tho  filter-blcwer  to  tha  influent 
air  panel  is  13  inches  in  diameter  and  supplied  in  10-foot  lengths.  It  ia 
ms do  of  butyl-coated  nylon  and  is  helical  wire  reinforced.  It  can  bo 
collapsed  to  a  length  of  approximately  2.5  feet  for  storage  and  is  fastened 
to  flanges  on  the  filter-blower  and  the  influent  air  panel  with  screw-type 
clamps.  The  influent  air  panel  is  located  on  the  side  of  the  modification 
kit  at  the  plenum  chamber.  It  has  six  flanges  on  it  to  which  the  flexible 
ducts  from  tha  filter- blower  units  arc  attached.  Tha  unused  flanges  are 
capped. 


Tho  flew  of  filtered  air,  entering  the  modification  kit  through  the 
influent  air  panel,  is  split  in  tho  plenum  chamber.  Tha  bulk  of  tha  fil¬ 
tered  air  flows  from  tha  plenum  chamber  directly  into  tha  building  protected. 
On  a  hundred  efta  flows  into  tho  other  compartments  of  the  modification  kit 
through  a  perforated  door  located  between  the  dressing  room  and  the  plonun 
chamber.  This  air  eventually  flows  through  a  ceiling  duct  into  tha  entrance 
airlock. 


AIR  KKATIkG  SYSTEM 


The  perforated  door  between  tho  dressing  room  and  plenum  chamber  con¬ 
tains  electrical  strip  heaters  which  hoat  air  entering  the  modification  kit. 
There  aro  5  banks  of  heaters  which  are  controlled  by  a  6-posltion  selector 
switch  located  on  tha  electrical  control  panel.  The  heaters  are  designed 
to 


■f£Ocf\ 


the  temperature  cf  air  entering  the  modification  kit  at  -25WP  to 


The  modification  kit  requires  203-24D-volt,  60-Hs,  3-phase,  4-wire 
poorer  source  with  approximately  15-kilowatt  (kv)  capacity  at  peak  demand. 

A  portable  gasoline  casgine-drlvan  generator,  common  to  Air  Force  inventory, 
will  fulfill  this  reqairomoat. 


Fewer  is  supplied  to  the  modification  kit  through  a  standard  aircraft 
AOC-Hs  plug  at  an  external  junction  box.  Power  is  routed  to  the  main 
electrical  control  panel  where  it  is  fed  to  the  prsssurisation,  air  heating, 

water,  end  lighting  subsystems. 


A 
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TEST  CCHFIGEdATIGN 

For  testing  purposes  a  plywood  panel  with  three  adjustable  orifices 
(Figure  6)  van  attached  by  the  contractor  to  the  doorway  which  would  ordinari¬ 
ly  lead  to  the  building  to  ba  protected.  This  building  simulator  was  adjusted 
by  the  contractor  to  be  used  in  conjunction  with  one  filter-blower  unit. 
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SECTION  III 


INSTRUMENTATION 


CARGO  FIT  TESTING 

Cargo  fit  testing  was  conducted  at  the  Kurlburt  Field  flightline  using 
a  C-123  cargo  aircraft  and  46 %  cargo-handling  equipment,  including  wheel 
conveyors,  a  108-inch  by  88-inch  pallet,  and  a  Rough  Terrain  Loader  with 
10,000-pound  capacity.  The  forklift  v*as  equipped  with  roller  conveyer  forks. 


ENVIRONMENTAL  TESTING 

All  environmental  testing  vas  act.  ^plished  utilising  facilities  of  the 
Eglin  Air  Force  Basa  Climatic  Laboratory.^- 

Low  temperature  testing  was  conducted  in  the  Main  Chamber.  The  high 
temperature  and  dust  tests  wore  accomplished  in  the  All-Weather  Room. 

Humidity  testing  was  conducted  in  the  Salt  Spray  Chamber.  The  rain  test  vas 
conducted  utilizing  a  portable  rain  facility  and  wind  machine. 

The  temperatures  at  various  points  within  the  modification  kit  (Figure  4 
were  measured  with  ten  copper  Constantan  thermocouples  connected  to  a  strip 
chart  recorder.  The  air  pressure  in  the  compartments  of  the  modification 
kit  was  measured  using  differential  pressure  gauges  calibrated  in  Inches  of 
water  and  connected  to  the  modification  kit  with  plastic  tubing.  The  voltage 
current,  and  power  requirements  of  the  modification  kit  were  measured  with 
an  industrial  analyzer. 


SIMULANT  TESTING 

The  chemical  and  biological  simulant  tests  utilized  a  "C"  generator 
and  tiro  nebulizers  to  generate  and  maintain  the  simulant  cloud  and  an  in¬ 
flatable  rubber  shelter  to  contain  the  cloud.  Aerosol  samples  were  collect¬ 
ed  at  various  points  inside  and  outside  the  modification  kit  (Figure  6), 
using  12.5-liter-per-minute,  all-glass  impinger  (AGI-30)  samplers,  connected 
to  a  vacuum  manifold  which  could  be  remotely  sequenced.  During  the  bio¬ 
logical  simulant  test  the  iropingers  wars  equipped  with  5-micron  pre-lmpingsrs 
Temperature  and  pressure  within  the  modification  kit  were  monitored  in  the 
same  manner  as  during  environmental  tests. 


Air /Proving  Ground  Center  Technical  Facilities  Vsl.  I,  April  1967. 
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SECTION  IV 
TEST  PROCEDURES 


Two  complete  modification  kits  were  provided  as  teat  items.  The  first 
modification  kit  was  used  for  cargo  fit  testing  and  all  environmental  tests 
except  the  rain  test.  The  second  modification  kit  was  used  for  the  simulant 
challenges  and  the  rain  test. 


CARGO  FIT  TESTING 

The  service  module  was  placed  on  a  103-inch  by  83-inch  standard  cargo 
pallet  and  strapped  down  (Figure  7).  Two  rows  of  double  conveyor  were 
placed  on  the  floor  and  ramp  of  the  aircraft,  and  the  parachute  static  lines 
were  partially  removed.  The  service  module  was  picked  up  at  one  end  by  a 
forklift  and  secured  with  cargo  tie-down  straps  to  prevent  it  from  tipping 
off  the  end  of  the  forks.  The  service  module  was  maneuvered  into  the  cargo 
hatch  of  the  C-123  aircraft  (Figure  8) .  When  the  bottom  of  the  service  module 
was  even  with  the  conveyors  on  the  ramp  of  the  aircraft,  the  tie-down  straps 
were  removed  and  the  unit  was  pushed  off  the  forklift  onto  the  conveyors. 

The  three  filter-blower  units  ware  loaded  behind  the  service  module. 


Figure  7.  Sarviea  module  leaded  on  463L  pallet 
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ENVIRONMENTAL  TESTING 


Availability  of  resources  in  the  Climatic  Laboratory  dictated  the 
following  order  for  MIL-STD-810B  onvircnmental  testing: 


502 

501  -  Procedure  I 
510 

507  -  Procedure  I 

506 


FUNCTIONAL  TEST.  Before  and  after  each  environmental  test,  the  follow¬ 
ing  systems  were  functioned  to  insure  proper  operation: 

Door  latches 
Door  interlocks 
Disposal  chutes 
Shower  (water  pump) 

Water  heater 


During  or  following  each  environmental  test,  the  modification  kit  was 
operated  by  test  personnel  for  a  specified  number  of  cycles.  Each  cycle 
consisted  of  the  following  operations: 

1.  Enter  service  module  through  entrance  airlock. 

2.  Operate  one  clothes  disposal  chute. 

3*  Operate  shower  for  1  to  2  minutes. 

4.  Leave  service  module  through  emit  airlock. 

The  following  data  were  recorded  before,  during,  and  after  each 
cycle:  . 

1.  Differential  pressure  between  each  service  module  compartment 
and  the  test  chamber  in  inches  of  water  gage  (IMG). 

2.  Temperature  in  each  service  module  compartment  and  the  test 
chamber  in  degrees  Fahrenheit  ( °F) . 

3.  Voltage  (volts),  current  (amperes),  and  power  (KW)  requirements. 

4.  Shower  water  temperature  in  °F. 


Air  heater 
Filter-blower  unit 
Lights 
Dampers 


Test 

Low  temperature 
High  temperature 
Dust 

Humidity 

Rain 
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end  maintained  until  five  minutes  before  the  end  of  the  rain.  Two  pa  3  3- 
th rough  cycles  vara  conducted  during  the  5  In. /hr  rain,  one  tilth  the  40  isph 
wind,  and  one  after  the  wind  source  vaa  turned  off. 

This  test  vas  repeated  four  times  so  that  each  side  of  the  service 
module  was  subjected  to  the  40  mph  wind.  Ten  pass-through  cycles  were 
conducted  at  the  end  of  the  test. 


SIMULANT  TESTING 

FILTER  CHALLENGE.  Before  simulant  testing  of  the  modification  kit  vas 
attempted,  the  three  filter-blower  -  unit a  were  challenged  using  the  Mo- 
logical  simulant  Bacillus  globlgll  (EG)  end  the  chasical  simulant  Ho thy 
Acetoaeetate  (MAATT  At  least  two  B3  challenges  end  two  ISM  challenge*  trrra 
conducted  using  each  filter  unit.  Each  simulant  vas  injected  directly  into 
the  intake  of  the  blower,  end  samples  were  collected  at  the  eshsust  cf  the 
filter. 

BIOLOGICAL  SIMULANT  TESTING.  Two  biological  simulant  challenges  wore 
conducted.  Before  tasting  began,  the  modification  kit  was  functioned  to 
insure  proper  operation  of  all  systems.  Twenty-five  areas  wore  ja&r'fed  off 
on  the  inside  and  outsida  of  the  modification  kit,  decontaminated,  end 
sampled  with  swabs.  The  simulant,  BG,  was  disseminated  inside  the  inflatable 
shelter  to  obtain  an  aerosol  cloud  of  approximately  1  x  10&  viable  cells  par 
cubic  meter  (c ells/ml) .  A  more  complete  description  of  these  procedures  is 
contained  in  Appendix  I. 

During  the  first  biological  simulant  challenge,  the  modification  kit 
was  operated  for  a  one-hour  holding  period  with  no  entries  or  exits  con¬ 
ducted.  Samplers  at  all  stations,  both  inside  and  outside  the  modification 
kit,  were  aspirated  for  five  minutes  at  20-minute  intervals.  At  the  end  of 
the  holding  parted,  all  samplers  were  changed. 

Before  the  first  pass-through  cycle,  samplers  at  all  stations  were 
aspirated  for  five  minutes  to  obtain  a  background  reading.  A  test  subject 
wearing  an  K-3  CB  protective  suit  and  an  rf-17  protective  mask  functioned 
the  modification  kit  during  the  pass-through  cycles.  During  the  first  bio¬ 
logical  challenge,  a  pass-through  cycle  consisted  of  the  following: 

1. -  Sampler  in  entrance  airlock  was  aspirated  for  five  minutes. 

Test  subject  entered  entrance  airlock  after  sampling  wa3  initiated  and 
waited  ■until  sampler  stopped. 

2.  Shea  sampler  ia  estrones  airlock  stopped,  ssssl @2*3  in  tKditss* 

lag  room,  dressing  room,  end  catsids  rectification  kit  wars  aspirated  for 
fits  minutes.  Test  subject  entered  vz&s&sa&ng  rcea,  brushed  eff  salt,  end 
operated  clothes  disposal  clmt©.  -  ; 


T ~-FX~r 


Q  jit 


3*  J&' i  took  ehOtf*r  While  wiring  suit  and  mask,  then 

in  :h: :  •  \lr rcrm  until  sistr-r'  ere  sloped. 

i»  V3.en  sa-.rr.iaro  in  dr 03  ring  end  undrer-.-lng  rocs  stepped,  sampler 
airlock  vo. s  aspirated  for  fire  minutes.  Toot  subject  entered  exit 
erd  yritc-d  for  cannier  to  atop.  He  ther  wdted  the  modification 


5.  After  test  subject  exited  modification  kit,  all  samplers  were 
:t rated  for  five  minutes  to  determine  presence  of  contamination  and  as  a 


k ground  for  the  second  cycle. 


After  the  second  cycle  vas  ccnpleted,  all  samplers  were  changed  and 
ibo  series  repeated.  Six  pass-through  cycles  vr.ro  conducted.  At  the  end 
of- tho  taut,  £>efu  samples  verb  taken  at  the  25  areas  swabbed  before  the 
t”5t.  Temperature  and  differential  pressure  were  monitored  during  the 
test  in  the  acme  manner  as  during  tho  environmental  tests. 

Iho  second  biological  challenge  vas  conducted  in  the  same  manner  as 
ths  first  vlth  the  following  exceptions: 

1.  The  holding  period  vas  two  hours  long  with  five-minute  sarroles 
taken  every  20  minutes. 

2.  The  timer  cn  tho  WAIT-EI-iTER  lights  vas  sot  for  10  seconds, 
end  the  sampler  in  tho  entrance  airlock  vas  aspirated  for  30  seconds.  After 
tic  sampler  vas  turned  on,  ths  tost  subject  entered  tho  airlock,  and  when 
ths  light  flashed  from  EA.IT  to  ESTER,  ho  entered  tho  undressing  room.  When 
tho  sampler  in  tho  undressing  room  vas  turned  cn,  he  continued  with  tho  cycle 
an  during  the  first  test. 

Eight  cycles  were  conducted  during  tho  second  biological  simulant 
cl  allonge. 

CUBICAL  S3MHLABT  mmm.  Tv®  chemical  stoHant  challenges  were  con¬ 
ducted.  Prior  to  introduction  of  KM  into  ths  inflatable  shelter,  samplers 
vara  aspirated  in  the  test  area  to  obtain  a  background  reading  as  reouired 
h,r  MU  assay  procedures  (sea  Appendix  II).  Tho  modification  kit  vas  func¬ 
tioned  to  Insure,  proper  operation  of  all  systeas,  and  svab  samples  were 
taken  at  the  25  marked  areas  which  had  been  decontaminated.  The  chemical 
irulent  MM  vas  disseminated  into  the  inflatable  shelter  to  obtain  an 
srcsol  concentration  of  appnrdmately  100  grass  par  cubic  meter  (gm/m 3). 
rior  to  pass-through  cycles,  the  modification  kit  vas  subjected  to  a  hold- 
ixi2  period  in  tho  sane  manner  as  during  the  biological  challenges.  Pass- 
t:-..::yyb  cycles  wars  cer.ductcd  in  the  esr.s  manner  es  durirr  tho  second  bio- 
■  ch">llo-v;p.  C:  - from  the  stations  out aids  tho  acdiflcatiea  kit 


i-vE;  si-ay  »; •  "  r.'' i . in  tho  i. 

to::v,  £"V::  va  ra  tvE-’u  ei 


uxeatten 

...  „X 
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SECTION  V 
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CAT.GO  FIT  TESTING 

Tbs  CB  Modification  Kit  for  Structures  vaa  loaded  on  a  C-123  aircraft 
vitb  463b  handling  equipment.  The  parachute  static  linos  were  partially 
removed  and  swing  out  of  the  my  in  order  to  load  the  modification  kit. 

’han  being  maneuvered  into  tho  ciugo  hatch,  the  service  module  cleared 
the  upper  cargo  -r  by  2  inches.  When  mounted’ on  conveyors  end  pallet,  the 
gnrvioe  module  cleared  tho  aircraft  ceiling  by  ?  inches  and  cleared  the 
v  '•'!  veils  by  9  inches  on  each  side..  The  minimum  clearance  specified  in 
T.O.  1C-123B-9,  Technical  Manual,  Cargo  Aircraft  Loading  end  Unloading,  is 
6  inches  on  each  side. 

Tho  might  end  balance  of  the  aircraft  could  not  be  computed  because 
tho  cr;+er  of  gravity  and  weight  data  vers  not  stenciled  on  the  units  as  re¬ 
quired  for  air-transportable  items. 

Tho  three  filter-blower  units  were  loaded  behind  tho  service  nodule  (one 
cii  tho  floor  and  two  on  the  ramp)  so  they  would  ba  jettlaonable  (Figure  4). 
The  service  module  is  not  air-jettlsonsble. 

The  slots  in  the  skids  of  the  f liter- blcvor  units  are  too  small  and 
clcso  together  to  facilitate  forklift  handling. 

Tho  lcRdssaster  personnel  performing  tho  cargo  fit  test  inspected  the 
tie -down  fittings  provided  end  found  thea  edscunto. 


h-.j  i  .  J&U  i  Ihoi  .Lira 


The  CB  Modification  Kit  for  Structures  passed  the  lew  temperature,  high 
terperature,  dust,  and  rain  tests,  but  failed  tbs  humidity  tost. 

LOW  TEMP2KATUPJ3  TEST.  Although  several  problems  vers  encountered  in  pre¬ 
paring  the  modification  kit  for  operation  at  ~25°F  after  the  48-hcur  scale  at 
-45Cij  they  vere  not  considered  major  and  were  mainly  concerned  with  features 
already  programmed  for  changes.  The  flexible  ducting  was  stiff  and  had  to 
bo  boated  before  it  could  be  attached  to  tho  flanges  on  the  filter-Uover 
vr.it  erd  the  influent  air  panel.  The  blower  fan  had  to  bo  turned  by  hand 
h'fVro  it  vr.Vld  ns.  Although  the  water  system  bad  been  drained,  a  r':-:?JL 
f  r.vi  r-f  water  r-; mined  in  taa  p-nop  and  had  to  bo  tl  inssS  with  e  space  heater 
L  T~~'P  -avid  function.  Lata  the  ekcv.e?  was  first  created,  the 

era  had  to  be  tvrwrd  pith  e  eprer  fecstc-r.  During  the  psse- 
‘4  ''  •  h  cycl'-n  tho  shcror  tvs  cptr.visd  -cf  t-;a  enough  to  kc'p  the  pigs  frea 


6B3&&S 


Tfca  electrical  strip  heaters  for  ^sating  incasing  eir  vs  re  imde'juate. 

The  intake  sir  delivered  from  the  filter-blcwcr  unit  regained  at  -19 
throughout  the  low  temperature  fractional  test.  The  chamber  temperature  vne 
stabilised  between  1 0°?  and  £0°?  when  the  above?  waa  not  in  operation  (Table  I), 

Operating  the  shower  produced  clouds  cf  water  vapor  end  hsated  the 
service  nodule.  Air  temperatures  in  the  dressing  and  undressing  roc-ms  varied 
between  3C©F  and  40°F.  Floor  temperatures,  excluding  the  shower  stall  Goer, 
reached  a  maximum  of  30°?»  Shower  water  temperature  was  varied  ttfstvsra.  66°F 
and  120°?  during  the  test.  The  average  differential  pressures  recorded 
during  ths  test  are  given  in  Table  II. 

HIGH  TEMFERATUHE  TEST.  No  special  problems  vsra  encountered  during  the 
high  temperature  tost.  All  systems  operated  satisfactorily.  Ths  average 
temperatures  recorded  during  ths  pass-through  cycles  arc  given  in  Table  I, 

The  average  differential  pressures  recorded  are  given  in  Table  II. 

DUST  TEST.  The  silica  dust  did  not  penetrate  ths  service  module.  When 
the  filter-blower  unit  was  first  turned  on,  the  circuit  brasher  kicked  cut. 

When  the  switch  was  turned  on  a  second  tine,  the  filter-blower  unit  functioned 
satisfactorily.  All  modification  kit  systems  functioned  satisfactorily  during 
the  pass-through  cycles.  The  average  temperatures  recorded  are  contained  in 
Table  I.  The  average  differential  pressures  are  contained  in  Table  II, 

Table  I.  Internal  temperature  data  during  specified  teats 


_ Temperature  (°T? 

Low  tempera-  (High  teapera4  Bust 
ture  test  I  ture  test  (test 


Entrance  airlock  air  16-20  *  114 

Undressing  room  air  10-30  *  110 

Undressing  room  floor  2-30  *  100 

Shower  floor  27-90  *  100-115  * 

Water  storage  66  87 

Dressing  room  floor  12-20  *  96-109  * 

Dressing  room  air  15-40  *  109 

Intake  air  from  filter-blower  -19  104-110 

Exit  airlock  air  5yl5  *  114 

Chamber  air  -22  120 


97 

95 

87 

85-100* 

95 


^Temperature  varied  due  to  shower  operation. 


Table  1 1 


-ostial  p 


pressures  daring  specified  tests 


Pressure  (Inches  of  vs 


Plenum  Exit  Entrance  Dressing 

Chamber  airlock  airlock  room 

Low  Tempera tur a  TesT 


Entrance  airlock  • 
open 

Static 

licit  airlock 
open 

0.49 

0.55 

0.5 

0.37 

0.56 

0 

0 

0.54 

0.43 

0.51 

0.55 

0.52 

jh 

igh  Temperature  Test 

Entrance  airlock 

epen 

0.45 

0.43 

0 

0.45 

Static 

0.59 

0.61 

0.58 

0.59 

Ikdt  airlock 

epan 

0.41 

0 

0.42 

0.43 

Dust  Test 

Entrance  airlock 

open 

0.49 

0.50 

0 

0.47 

Static 

0.53 

0.6C 

0.56 

0.57 

Exit  airlock 

open 

0.44 

0 

0.43 

0.44 

*Dssi£n  conditions  era  0.4  to  0.6  TUB . 


IlniiDATI  TEST.  Tno  buradity  tost  severely  degraded  the  modification 
it,  iHthcvrii  all  fittings  were  military  specification  items,  uacoatsd  steel 
crc-ws,  latches,  and  fittings  wore  severely  corroded.  Those  fittings  which 
A  &  chromate  dip  were  unaffected.  The  plunger-type  door  releases  on  the 
aside  of  the  outer  airlock  doors  had  to  be  broken  loose  with  a  banner  before 
'icy  would  function  (Figure  9),  The  switches  on  the  door  jams  of  tbs  outer 
iriock  doors,  vhi.ch  control  the  dampers,  ware  frozen.  This  means  that  the 
edification  kit  would  lose  overpressure  whenever  an  airlock  door  was  opened, 
his  switch  also  controls  the  WATT-ESTER  lights  in  the  entrance  airlock.  The 
loo?  in  the  shower  was  budded  upward  so  that  the  side  panels  could  not 
a  opened,  precluding  use  of  the  shower  (Figure  10).  The  interior  airlock 
ooro  bad  /milled  and  ware  cracked.  Air  heater'  control  relays  located  in 
■  i  cl  Ttricnl  control  p-nd.  vors  corroded  (Figure  11).  Tnc,  gackot  ca  the 
r  n:  i  fcsr  c-ifv.iInTr-:;  the  central  p^/rl  v?s  1  mss.  The  floor  iu  iaa  plcrum 
rn  tiTli  i  slightly  go  tint  the  pirforafcl  door  could  rut  bs  coined 
.  in  ?!},,  Ivvl’er  invocation  rerccl.nl  that  tks  selling  and  krltlirg  trsrs 
:  v.:  ?.  ••  r..v'rr.  cf  the  pelpnretiwe.r  foes  insulation  (Figure  13  cue  14). 

'  M  re  tic  coilie™  had  Micicr:!  (Figaro  15). 
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Figure  15.  Paint  on  ceiling  of  sendee  module  blistered  from  humidity  test 


The  vater  pump,  the  blower,  and  the  lights  still  functioned.  No  attempt 
was  made  to  function  the  water  heater  or  the  air  heater.  After  a  two-veek 
period,  the  buckling  in  the  plenum  chamber  floor  had  gone  dam  so  that  the 
perforated  door  could  be  opened.  Testing  on  this fait  was  terminated,  and 
the  rain  test  was  conducted  on  the  other  unit  after  completion  of  sisSulast 
testing. 

RAIN  TEST.  All  codification  kit  systems  functioned  satisfactorily  dur¬ 
ing  the  rain  test.  Satisfactory  overpressure  (Table  III)  was  maintained  during 
a  12-in./hr  rain  while  a  40~nph  wind  was  directed  at  each  side  of  the  service 
module.  Rainwater  running  down  the  side  of  the  service  nodule  entered 
the  airlocks  via  a  lip  on  the  top  of  the  outer  doors. 

Modification  kit  power  consumption  was  measured  during  testing  at  10  kv 
maximum  and  distributed  as  follows: 


Lights  and  blower 

2  kv 

Water  heater 

4.5  for 

Air  heaters 

3.5  by 

29 


Fxli 

airier 


Frpr.t* 


0.5/0. 5 

0.1/0 

0.46/0.52 

0.6/0. 5  • 

0.54/0.46 

0.50/0.52 

0/0  . 

0.54/0,42 

0.54/0.52 

Blank  End* 


0.5/0. 5 

0.5/0. 5 

0/0,03 

0.52/0.50 

0,5/0. 5 

0.5/0. 5 

0,42/0.45 

0.51/0.52 

0.5/0, 5 

0/0.01 

0.4/0. a 

0.44/0.49 

Back* 

Bnlrar.cc>  airlock 
open 

Static 

I>;it  airlock 
open 

0.7/0.55 

0.7/0.55 

0,5/0.55 

0.6/0. 5 
,0.6/0.55 

0/0 

'  0/0 
0.6/0.51 

0.42/0.44 

0.65/0.54 

0.7/0.53 

0.66/0.52 

Blessr  End*  •  •  ’ 

Fhtrarc  a  airlock 
open 

Si-ati  s 

Fait  airlock 
open 

0.5/0.55 

0.55/0.65 

0,45/0.55 

0.5/0. 5 
0.4S/0.55 

0/0 

0/0 

0.47/0.53 

0.4/0.44 

0.52/0.56 

0.5/0,60 

0.52/0.52 

uw$!r.mc- »»  V 


used  for  steal  ant  testing  was  99.99  percent.  The  filter’s  military  scarifi¬ 
cation  (MXL-F-51215A)  requires  e  mdntesn  efficiency  of  99*97  percent. 

Six  chemical  filter  challenges  were  conducted  on  the  three  filter-if  o'"'r 
units.  AssurJtii.cr  a  600-cfm  flow  rate  through  ths  filter,  HAA  V..*s  dir:::  :■*  ■•’ 
at  ths  intaka  of  the  blower  at  a  76.5  milligrams  por  cubic  mstcr  (mg/r'A)  of 
air  concentration.  Results  of  each  challenge.  when  cohered  to  beskgreand 
readings,  indicated  that  no  detectable  quantities  of  HAA  passed  through  ths 
filter. 

The  sampling  and  assay  techniques  used  era  capable  of  detecting  Kii  In 
quantities  equivalent  to  0.2  Bg/m2  of  air.  The  calculated  filter  efficiency 
was  greater  than  99.7  percent. 

BIOLOGICAL  SIMULAIJT  TE3TISC*.  The  cff.icie.ney  (99.99  percent)  of  tbs 
codification  kit  was  calculated  from  data  obtaiaad  daring  the  biological 
simulant  challenges.  (See  Table  V.)  Complete  data  frost  the  etealsnt  ch-uller g ?« 
ara  presented  in  Appendix  I.  The  filter  efficiency  Units  ths  r'rtix.rM 
efficiency  obtainable  for  the  modification  kit.  Since  both  the  filter  r-r.% 
ffiodif ic  aticn  kit  efficiencies  exceeded  the  design  rsgi&rcxcsis  of  th3  filter'- 
(99.97  percent) ,  tha  modification  kit  passed  the  biological  Etesian*  cb^lltigS# 

Biolcgical  Simulant  Challerra  I'o.  1.  Test  subjects  perfostsing  the  J&58- 
through  cycles  remained  in  the  entrance  airlock  for  5  minutes  when  entering 
the  service  nodule.  The  airlock  purged  completely  during  tills  ti:s$.  Sr.iple* 
taken  in  the  undressing  and  dressing  rooms  during  the  pass-tbrorgh  cycles 
showed  no  increase  over  background  samples  taken  between  cycles.  The  oystsa 
efficiency  calculated  from  background  readings  between  cycles  via  comparable 
to  results  obtained  during  the  filter  challenges.  Simulant  contsTiicaficn  did 
not  build  up  within  tha  service  Ecdule  during  tha  test. 

Swab  samples  indicated  contamination  was  restricted  to  the  airlocks  and 
exterior  of  the  service  module.  Only  one  coll  WS3  discovered  in  the  te'&rter 
of  tha  service  module  (on  dressing  room  well). 

Biological  Simulant  Challenge  Ho.  2.  Curing  the  holding  period,  the 
simulant concentration  inside  tha  service  module  was  higher  than  the  evsrsgs 
of  background  samples  taken  bo  tvs an  pass-through  cycles  during  tha  rest  of 
the  test.  The  cause  of  this  was  not  determined.  Background  samples  taken 
between  cycles  were  comparable  to  those  of  ths  first  simulant  challenge. 

The  higher  simulant  concent ration  recorded  in  the  entrance  airlock  was 
due  to  the  shorter  sampling  time  (30  seconds).  Waiting  time  in  the  entrance 
airlock  was  reduced  to  ten  seconds  in  order  to  obtain  more  realistic  interior 
contamination  data.  Shortening  tha  tins  resulted  in  sea®  contamination  reach"* 
tag  the  interior  of  the  service  module  through  the  airlock.  Tha  simulant 
concentration  in  the  undressing  room  was  appradmteiy  twice  that  ia  th?  fr&es" 
lag  room.  B&m&r,  there  t ms  still  mo  builds?  of  omtszdaatioa'  daslrg  tl.-s 
coarse  of  the  test.  Bstwsca  cynics  ths  istsrior  coscestrati-sa  r.:tu rriodw  &  "r 
leval  equivalent  to  that  obtains^  daring  tho  filter  cMUezgm,  . 


J 

$ 

1 

::i 

■4 


! 

j 


3fe 


Sanb  souples  indicated  contamination  on  the  outside  of  the  service 
lie,  in  the  entrance  airlock,  and  in  the  shower  stall  (4  cells). 


r- 1  n  n  rr  €*  wirry  a  '  v T 
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TTinO.  The  results  of  the  two  ehsnical  simulant 

the  simulant 


C  " 

4  -r. 


sirssnrlzed  in  Tails  VI.  Complete  data  fr 
presented  in  Appendix  II.  Pass-through 
;.ncr  ss  during  the  second  biological  simulant  challenge.  The 
itrati.cn  in  the  shelter  could  not  be-  held  constant  due  to  a 


yeles  were  conducted 


shortage  of  aisraLant  and  fast  dissipation  of  the  simulant  cloud. 

Chemical  Simulant  Challenge  Ho.  1.  During  the  first  chemical  simulant 
challenge,  no  contamination  was  found  in  the  undressing  room  or  dressing 
rose.  The  entrance  airlock  purged  satisfactorily,  but  slight  contamination 
(0.2  -0,5  rg/ci3)  was  recorded  in  the  exit  airlock.  Swab  samples  were 
tafcan,  but  the  results  vc-ro  inconclusive  duo  to  the  presenco  of  other 
dvr nl cals.  For  this  reason  swab  samples  wars  deleted  in  tha  second  challenge, 


Chemical  Simulant ■  Chr-llenga  Ho.  2.  During  tha  second  chemical  simulant 
challenge" slight  contamination  was  recorded  in  tha  undressing  room  on  three 
occasions  (1.1,  0.6,  and  0.4  mg/m3).  Two  of  these  samples  wore  taken  be¬ 
tween  cycles  visor,  previous  data  indicated  that  tha  airflow  would  have  had 
ti:;,3  to  purge  the  area.  Contamination  of  the  irnplrgers  during  handling  or 
essay  is  the  suspected  cause.  Ho  contamination  was  found  in  the  dressing 
room,  Tha  airlocks  purged  satisfactorily. 


Tbs  majority  of  impingers  contained  no  detectable  contamination,  giving 
an  efficiency  comparable  to  that  obtained  during  the  filter  challenge.  The 
accuracy  of  the  modification  kit's  calculated  system  efficiency  was  limited 
by  cbe  minimum  quantity  of  MAA  detectable  (0.2  mg/m-*)  using  the  assay  pro¬ 
cedures  in  Appendix  II.  Analysis  of  the  data  indicated  that  the  modifica¬ 
tion  kit  passed  tha  chemical  simulant  challenge. 

During  the  process  of  testing,  ssvsral  minor  mechanical  deficiencies 

b-Scar.o  apparent.  Thors  is  a  fitting  on  the  front  of  tha  service  module 
tfcere  a  garden  boss  is  attached  to  fill  the  water  storage  tank.  This  is  a 
fted  f exale  fitting,  and  tha  garden  hose  must  be  screwed  into  it  by  twist¬ 
ing  the  entire  boss. 

The  lift  rings  around  tha  top  of  tha  service  module  wore  used  during 
tha  cargo  fit  test  and  during  moving  operations.  The  capacity  of  tha 
anchor  points  of  the  lift  rings  is  marginal.  While  they  did  not  pull  out, 

they  did  became  loose. 


:,3 
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By  tha  end  of  testing,  the  handles  on  the  inside  of  the  interior  air¬ 
locks  ha.**-  toccsaa  loose  from  repeated  use. 


Til s  interlook  latches 

Th~~r>  could  not  he  aligssd 
icy  civ-ns i  %:~.z  filed  dots 


originally  load  two-channel  catches  on  the  doore. 
with  the  interlocks  e:a  tha  door  jambs.  Tbs 
(Figure  16) ,  cad  eligoitat  was  ecccqplished. 
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By  the  end  of  active  tooting  ths  interlocks  were  faulty.  They  are  too  fragile 
for  continuous  use.  The  catch  pictured  (Figure  16)  would  not  maintain  align¬ 
ment,  and  the  interlock  had  to  be  bypassed. 

The  shower  nozzle  in  modification  kit  no.  2  (used  for  simulant  testing) 
V?.r,  either  broken  or  designed  improperly.  The  pump  did  not  provide  enough 
pressure  to  make  it  function  properly.  A  spacer  had  to  be  inserted  in  the 
nozzle  so  that  water  would  spray  rather  than  pour  from  it. 


HUMAN  FACTORS  EVALUATION 

A  human  factors  evaluation  of  ths  CB  Modification  Kit  for  Structures  was 
conducted  'ey  the  Human  Factors/Bioaedical  Division  (ADHZ)  and  is  included 
as  Appendix  III.  The  following  deficiencies  were  noted  during  the  human 
factors  evaluation. 

1.  Ths  air  heating  system  in  the  modification  kit  is  inadequate 
for  operating  environments  down  to  -25°F. 

2.  The  timers  for  the  WAIT  and  ENTER  lights  (Figure  14)  had  to 
be  adjusted  by  trial  and  error  since  they  were  not  labeled  as  to  specific 
function  or  scaled  for  adjustment. 

3.  Upon  entering  the  service  module  for  the  first  time,  te3t 
subjects  became  confused  about  the  operation  of  the  inner  airlock  door. 
Although  there  is  a  handle  on  the  door  which  may  be  pulled,  the  door  is 
opened  by  pushing.  This  handle  is  necessary  to  insure  proper  operation  of 
the  interlock  system,  but  the  door  should  be  labeled  PUSH  TO  OPEN. 

4.  The  shower  temperature  control  knob  was  not  labeled, 
necessitating  adjustment  of  the  water  temperature  by  trial  and  error. 


SECTION  VI 


CONCLUSIONS 


1.  The  CB  Modification  Kit  for  Structures  tested  met  the  requirements 
of  MIL-STD-310B,  dated  15  June  19&7,  for  high  temperature,  low  temperature, 
dust,  and  rain. 

2.  The  CB  Modification  Kit  for  Structures  failed  humidity  testing 
under  MIL-STD-810B  due  to  floor  buckling  and  corrosion. 

3.  The  CB  Modification  Kit  for  Structures  meet  design  requirements  and  • 
will  protect  personnel  with  99. 6  percent  efficiency  in  chemical  simulant  .  ' 
(Methyl  Acetcacetata)  concentrations  up  to  100  mg/a3  and  with  99.99  percent 
efficiency  in  biological  simulant  (Bacillus  globigii)  concentrations  up  to 
10°  cella/ms. 

4.  The  air  heating  system  in  the  CB  Modification  Kit  wa3  inadequate. 

5.  Controls  in  the  CB  Modification  Kits  were  not  all  labeled  properly 
or  positioned  for  efficient  use. 

6.  Testing  revealed  design  deficiencies  in  the  interlock  door  bandies, 
lift  rings,  and  the  shower  nozzle. 

7.  The  CB  Modification  Kit  for  Structures  will  fit  on  a  C-123  aircraft 
with  sufficient  clearance  to  satisfy  air  transportability  requirements . 


(The  reverse  of  this  page  is  blank.;. 


APPENDIX  I 


BIOLOGICAL  SIMULANT  TESTING  OP  THE  CB 
MODIFICATION  KIT  FOR  STRUCTURES 


INTRODUCTION 

The  CB  Modification  kit  for  Structures  was  challenged  ylth  the  biological 
agent  simulant  Bacillus  globigii  (BG) .  Two  separate  challenges  were  conduct¬ 
ed  in  a  BG  aerosol  of  approximately  1  x  10®  viable  cells/m3.  The  modifica¬ 
tion  kit  wa3  allowed  to  operate  in  the  simulant  cloud  for  a  period  of  1  to 
2  hours  before  pass-through  cycles  were  conducted. 


DESSEMINATICN 

The  "C”  generator,  containing  one  liter  of  60  x  10 3  viable  cells/al, 
slurry  was  placed  midway  the  end  curtain  and  was  activated  until  empty.  Two 
De  Vilbiss  no.  841  nebulizers,  containing  300  ml  each  of  150  x  10°  viable 
cells/ml  slurry,  were  set  to  deliver  0.2  ml/min.  The  nebulizer  and  "C51 
generator  slurries  were  made  from  a  heat-shocksd  BG  slurry  with  a  viability 
of  125  x  10®  viable  cells/ml.  Each  nebulizer  was  placed  in  front  of  a  fan 
on  opposite  sides  of  the  CB  modification  kit,  and  the  fans  were  blowing  in 
opposite  directions. 

The  aerosol  cloud  was  generated  by  first  turning  on  the  fans  (high 
speed),  then  each  nebulizer.  The  ”C”  generator  was  activated  from  outside 
the  shelter  immediately  after  turning  on  the  nebulizers.  Sampling  began  one 
minute  after  the  "C"  generator  was  emptied. 


SAMPLING 

All  aerosol  samples  were  taken  with  12.5  liter/minute  all-glass  impingsr 
samplers  with  plastic  uncoatod  pre-impingers  attached.  Unless  otherwise 
stated,  all  samplers  were  aspirated  for  five  minutes.  ISee  F’gure  1-1  for 
sampler  locations.) 

Aerosol  samplers  are  identified  as  follows:  Example:  III  C-4 

1.  The  Roman  numeral  (III)  designates  the  cycle  during  which  the 
sample  was  taken. 

2.  The  letter  (C)  designates  the  sampling  station. 

3.  The  number  (4)  designates  the  sampling  position  on  the  vacuum 

manifold. 
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Figure  1-1 .  Sampling  stations 


Swab  samples  were  taken  from  marked  3-inch  by  3-inch  areas  with  sterile 
cotton  swabs.  {Soe  Table  1-1  for  location  of  marked  areas.)  Prs-nission 
swab  samples  were  taken  after  the  marked  arera3  had  been  decontaminated  with 
15  percent  hydrogen  peroxide  and  allowed  to  dry*  At  the  completion  of  the 
challenge,  the  areas  were  swabbed  again. 


Table  1-1 .  Location  of  ewib  em.plir.%  arsis  on  Service  Module 

of  CB  Modification  Kit 


Location 


Inside  Service  Modulo 


Entrance  airlock,  upper  right-hand  vail 
Entrance  airlock,  lover  left-hand  vail 
Entrance  airlock,  inner  door 
Undressing  roots,  upper  right-hand  vail 
apparel  outlet) 

Ceiling 


(vt.cn  facing  contaminated 


Undressing  rocn,  directly  left  of  contaminated  apparel  cutlet 

Shower  stall,  directly  beneath  shevor  knob 

Shower  stall,  directly  left  of  mask  outlet 

Dressing  room,  directly  left  of  torsi  outlet 

Dressing  room,  inside  door  of  control  panel 


Dressing  room,  front  of  water  heater 

Dressing  room,  upper  rear  vail  above  vater  storage  tank 
Dressing  room,  left  of  perforated  door 
Plenum  chamber,  ceiling 
Plenum  chamber,  emit  door 


Plenum  chamber,  on  vail  at  lower  left-hand  side  of  exit  door 

Exit  airlock,  center  right-hand  wall 

Exit  airlock,  inner  door 

Exit  airlock,  center  left-hand  vail 

Exit  airlock,  outer  door  near  exhaust  port 


Outside  Service  Module 

Right-hand  side  of  exit  door 
Left-hand  side  of  entrance  door 
Directly  right  of  contaminated  apparel  outlet 
Left  of  towel  outlet 

Right  center  of  panel  next  to  influent  air  panel 


BIOLOGICAL  SIMULANT  CHALLENGE  NO.  1:  MISSION  2063,  4  March  1969. 

1.  Pre-mission  swab  samples  taken  at  25  predetermined  points 

2.  Dissemination  (4  l/2  hours) 

Nebulizer  no.  1  disseminated  50  ml  of  slurry  at  the  rate  of  0.18 
ml 


Xebuliscy  no.  2  disseminated  C5  ftl  cf  flurry  at  th 


ii#  4  «s’#y 


El/cla 


of  0.24 


Th#  *C*  gsRsrator  disseminated  css  liter  of  test  #g«st  elurry 

3,  Eeldtug  Period.  Ko  or,®  entered  the  reification  kit  during  this 
,  C-- p).  ir  ■?  vr.s  initiated  one  clout®  efter  dissemination  vas  begun. 


Samplers  var«  aspirated  according  to  tha  folio; 
Tiro  (in  minutes) 

0-5 
25-30 
50-55 

(For  results  see  Table  1-2.) 


outline: 


Samplers  operated 


A-l ,  B-l,  C-l,  D-l,  E-l,  F-l 
A-2,  D-2,  C-2,  D-2,  £-2,  F-2 
A-3,  E -3,  C-3,  D-3,  E-3,  F-3 


4.  Pass-Through  Cycles,  After  the  holding  period  vas  completed,  six 
peso-through  cycles  vs  re  conducted.  Inpingsrs  var#  changed  after  every 
second  cycle.  Samplers  were  aspirated  according  to  tha  following  outline: 


Tima  (in  minutes) 

0  -  5 

5-10 

10  -  15 


15  -  20 


Operation 

Samplers  I A-l,  IB-1,  IC-1,  ID-1,  IB-1, 
and  IF-1  palled  (background) . 

Sampler  IC-2  pulled.  Volunteer  entered 
chamber  C  end  remained  until  impirsger 
IC-2  stopped. 

SfrApiJ  CfB  IA-2,  IB-2,  ID-2  and  IE-2 
f&liwd*  Volunteer  entered  chamber  D, 
fend  sinailetsd  da-suit.  Volunteer  took 
2-alnut®  shorsrj  then  progressed  to 
chamber  F  uhsn  inpin, ger  IE-2  stopped. 

Sampler  IP-2  pulled.  Volunteer  exited 
chamber  F  when  impinger  ip-2  stopped. 


(Clock  stopped  for  30  seconds  vhile  volunteer  exited  shelter) 

20-25  Samplers  I-11A-3,  I-11B-3,  I-11C-3, 

I-11D-3,  1-UF.-5,  and  I-11F-3  pulled 
(post-cycle  background  for  pass- 
through  I  and  pre-cycle  background 
for  pass-through  II). 
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Tina  (in  minutes) 

25-30 

30  -  35 


35  -  40 


Operation 

Satsplcr  ITC-4  pilled,  Volunteer 
entered  Chester  C  end  regained  until 
iK.pi11.3er  IIC-4  stopped. 

Samplers  IIA-4,  IIB-4,  H>4  'fid 
IIE~4  pulled.  Volunteer  entered 
chamber  D  and'  simulated  de-suit. 
Volunteer  took  2-ainute  shower;  then 
progressed  to  chamber  F  when  lsplnger 
IXE-4  stopped. 

Sampler  IIF-4  pulled.  Volunteer 
exited  chamber  F  when  impinge?  IIF-4 
stopped. 


(Clock  stopped  for  30  seconds  while  volunteer  exited  shelter.) 

40  -  45  Samplers  IIA-5,  IIf-5,  IIC-5,  IID-5, 

IIE-5,  and  IIF-5  pulled  (post-cycle 
background  for  pass-through  II). 


b.  Pass-through  cycles  I  and  II  completed. 


c.  Impingers  for  cycles  I  and  II  were  replaced  by  irpingc-rs  for  next 
two  cycles. 

d.  Test  continued  until  six  pass-through  cycles  vore  completed.  (For 
results,  see  Table  1-2.) 

.  Post-mission  swabs  were  taken.  (For  results,  sea  Table  1-3.) 


e 


Table  1-2.  Aerosol  cloud!  er.d  service  nodule 
interior  concentration  data:  challenge  no.  1 
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Table  1-2.  (C035TISUED) 


Sampler 

Total  cells 

Cells  par  cubic 

identification 

por  inpingsr 

meter  cf  sir 

VA-1 

2.19  x  104 

3.50  x  105 

VA-2 

2.07  x  104 

3.31  x  105 

V-VTA-3 

1.69  x  104 

2.70  x  105 

VIA-4 

1.62  x  10 4 

2.59  x  105 

VIA-5 

1.67  x  104 

2.67  x  105 

IB-1 

2.11  x  104 

3.37  x  305 

IB-2 

2.04  x  104 

3.26  x  105 

I-IIB-3 

2.09  x  104 

3.34  x  105 

IIB-4** 

3.65  x  104 

3.65  x  105 

(Sampled  8  minutes) 

IIB-5 

2.11  x  104 

3.37  x  105 

IIIB-1 

1.87  x  104 

2.99  x  10j 

II IB-2 

1.96  x  104 

3.13  x  105 

III-IVB-3 

2.10  x  104 

3.36  x  105 

IVB-4 

1.93  x  104 

3.08  x  HP 

IVB-5 

2.35  x  104 

3.76  x  105 

VB-1 

2.04  x  104 

3.26  x  105 

VB-2 

2.01  x  104 

3.21  x  105 

V-VIB-3 

1.77  x  104 

2.83  x  105 

VIB-4 

1.87  x  104 

2.99  x  105 

VIB-5 

1.78  x  104 

2.84  x  105 

IC-1 

1.40  x  101 

2.24  x  102 

IC-2 

4.00  x  102 

6.4  x  103 

I-IIC-3 

2 

3.2  x  Id 

IIC-4 

6.80  x  102 

1.09  x  104 

IIC-5 

2 

3.2  x  10l 

mc-i 

2.60  x  10” 

4.16  x  IQ2 

IIIC-2 

5.00  x  102 

8.0  x  103 

III-IVC-3 

4  „ 

6.4  x  103 

IVC-4 

7.40  x  102 

1.18  x  lo4 

rvc-5 

2 

3.2  x  101 

VC-l 

1.80  x  10* 

2.88  x  102 

VC-2 

6.30  x  102 

1.01  x  10* 

v-vic-3 

1.70  x  102 

2.72  x  103 

Vic-4 

1.24  x  103 

1.98  s  104 

VIC- 5 

0 

0 
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Table  1-2.  {C<X<TISDED5 


Sampler 

identification 

Total,  cells 

per  Inplr.jor 

Colls  per  cubic 
mater  of  air 

ID-1 

0 

0 

ID-2 

0 

0 

I-IID-3 

2 

3.2  x  101 

IID-4** 

1.10  x  102 

1.1  x  103 

(Sampled  S  minutes) 

IID-5 

0 

0 

II ID-1 

4 

6.4  x  10j 

IIID-2 

2 

3.2  x  101 

m-IVD-3 

0 

0 

IVD-4 

0 

0  . 

IVD-5 

6 

9.6  x  101 

VD~1 

0 

■RH| 

VD-2 

2 

V-VID-3 

2 

VID-4 

0 

VID-5 

0 

HkBHHH 

IE-1 

0 

0 

IE-2 

0 

I-IIE-3 

6 

9.6  x  101 

IIE-4** 

0 

0 

(Sampled  8  minutes) 

IIS-5 

0 

0 

nns-i 

0 

0 

mz-2 

2 

3.2  x  101 

III-K&-3  ' 

0 

0 

IVS-4 

0 

0 

IV2-5 

0 

0 

VE-1 

0 

0 

VE-2 

2 

3.2  x  10 

V-VTE-3 

0 

0 

VTE-4 

0 

0 

VIZ- 5 

0 

0 

IF-1 

1.00  x  101 

1.6  x  102 

4  „ 

6.4  x  10* 

|  I-IIF-3 

2.02  x  102 

3.23  x  103 
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Table  1-2.  (CGSCLSDED) 


Sampler 

Total  colls 

Cells  per  cubic 

identification 

par  inpingsr 

mater  of  air 

m-4 

2 

3.2  x  101 

I  IF- 5 

2.52  x  102 

4.13  x  103 

IIIF-1 

2 

3.2  x  101 

IIIF-2 

0  . 

III-IVF-3 

5.04  x  102 

8.06  x  lp3 

rvF-4 

4  „ 

6.4  x  101 

IVF-5 

7.74  x  102 

1.24  x  104 

VF-l 

0 

0 

VF-2 

0 

0  , 

V-VIF-5 

4.46  x  102 

7.14  x  103 

VU-4 

0  „ 

0  , 

VIF-5 

4.90  x  102 

7.84  x  103 

*  Sample  I-IIA-3  was  omitted  because  station  A 

sequencer  was  changed  during  the  20-  to  25-minute  time 
period  of  cycle  II. 

"^Samples  IIA-4,  IIB-4,  IID-4,  and  I IE-4  were  aspirat¬ 
ed  for  8  minutes. 
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Tabla  1-3.  Pra-nissioa  and  post-nission  ewab  easiest  Challengs  Ho.  1 


BIOLOGICAL  SIMULANT  CHALLENGE  NO.  2:  MISSION  2074,  11  March  1969. 

1.  PrQ-alsslon  swab  samples,  taken  at  25  pre-determinad  points 

2.  Dissemination  (6  hours) 

Nebulizer  no.  1  disseminated  85  al  of  slurry  at  the  rate  of  0.24 
ml /min 

Nebulizer  no.  2  disseminated  112  ml  of  slurry  at  the  rate  of  0.31 
ol/min 

The  nCN  generator  disseminated  one  liter  of  test  agent  slurry. 

3.  Holding  Period.  Ho  one  entered  the  modification  kit  during  this 
time.  Sampling  was  initiated  one  minute  after  dissemination  was  begun. 
Samplers  wore  aspirated  according  to  the  following  outline: 

Time  (in  minutes)  Samplers  operated 

0-5  A-l,  B-l,  C-l,  D-l,  E-l,  P-1 

25-30  A-2,  B-2,  C-2,  D-2,  E-2,  P-2 

50-55  A-3,  B-3,  C-3,  D-3,  E-3,  F-3 

75-80  A-4,  B-4,  C-4,  D-4,  E-4,  P-4 

(Impingers  changed,  stations  A  and  B) 

100-105  A-5,  B-5,  C-5,  D-5,  E-5,  P-5 

125-130  A-6,  B-6,  C-6,  D-6,  E-6,  P-6 

(For  "results,  see  Table  1-4.) 

4-  Pass-through  cycles.  Eight  pass-through  cycles  were  conducted. 
Impingers  were  changed  after  every  second  cycle.  Samplers  were  aspirated 
according  to  the  following  outline: 

A.  Time  (in  minutes)  Operation 

0-5  Samplers  I  A-l,  IB-1,  TC-1,  ID-1, 

IE-1,  and  IF-1  pulled  (background). 

5-5  1/2  Sampler  IC-2  pulled.  Volunteer 

entered  chamber  C,  remained  for 
10  seconds,  and  then  entered 
chamber  D. 
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Tine  (in  minutes) 
5  1/2  -  10  1/2 


Operation 


Samplers  IA-2,  IB-2,  ID-2,  and 
IE-2  pulled.  Volunteer  simulated 
de~su.it  in  Chamber  D  Volunteer 
took  2 -minute  shove r;  then  pro¬ 
gressed  to  chamber  F  when  inpinger 
IE-2  stopped. 

10  1/2  -  15  1/2  Sampler  IF-2  pulled.  Volunteer 

exited  chamber  F  when  impinger 
IF-2  stopped. 

(Clock  stopped  for  50  seconds  while  volunteer  exited  shelter.) 

16-21  Samplers  I-IIA-3,  I-IIB-3,  I-IIC-3, 

I-IID-3,  I-IIE-3,  and  I-IIF-3  pulled 
(post-cycle  background  for  pass- 
through  I  and  pre-cvcle  background 
for  pass-through  II). 

21-21  1/2  Sampler  IIC-4  pulled.  Volunteer 

entered  chamber  C,  remained  for  10 
seconds,  and  then  entered  chunber  D. 

21  1/2  -  26  1/2  Samplers  IIA-4,  IIB-4,  HD-4,  and 

1IE-4  pulled.  Volunteer  simulated 
de-suit  in  chamber  D.  Volunteer 
took  2-minute  shower;  then  progressed 
to  chamber  F  when  impinger  IIE-4 
stopped. 

26  1/2  -  31  l/2  Sampler  IIF-4  pulled.  Volunteer 

exited  chamber  F  when  impinger  IIF-4 
stopped. 

(Clock  stopped  for  30  seconds  while  volunteer  exited  shelter.) 

32-37  Samplers  IIA-5,  IIB-5,  IIC-5,  IID-5, 

IIE-5,  and  IIF-5  pulled  (Post-cycle 
background  for  pass-through  II). 

B.  Pass-through  cycles  I  and  II  completed. 

C.  Impingers  for  cycles  I  and  II  were  replaced  by  impingers  for  next 
two  cycles. 
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results,  IStTableiI-40Unt11  pnss'thrcu&  cycles  vora  completed. 

E.  Post-Bission  swabs  were  taken.  (For  results,  sea  Table  1-5.) 
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Table  1-4.  Aerosol  cloud  and  service  module  interior  concentration 
data:  challenge  no.  2 


Sampler 

Total  cells 

Colls  per  cubic 

identification 
. . .  .  . .  „  . . 

per  impinger 

meter  of  air 

A-l 

1.93  x  105 

3.09  x  10* 

A-2 

8.63  x  104 

1 . 33  x  10* 

A- 3 

4.68  x  104 

7.49  x  105 

A-4 

3.75  x  104 

6.00  x  105 

A- 5 

4.08  x  104 

6.53  x  105 

A-6 

3.58  x  104 

5.73  x  105 

B-l 

1.85  x  105 

2.96  x  10*? 

B-2 

9.10  x  104 

1.46  x  10” 

B-3 

5.43  x  lof 

8.69  x  10* 

B-4 

4.85  x  10^ 

7.76  x  10j! 

B-5 

3.53  x  107 

5.65  x  KP 

B-6 

4.10  x  104 

6.56  x  105 

C-l 

2 

3.2  x  101 

C-2 

0 

0  , 

C-3 

2 

3.2  x  I07 

C-4 

2 

3.2  x  101 

C-5 

0  . 

0  _ 

C-6 

1.00  x  101 

1.6  x  102 

D-l 

2.00  x  101 

3.20  x  102 

D-2 

4  . 

6.4  x  101 

D-3 

2.60  x  101 

4.16  x  102 

D-4 

6  , 

9.6  x  101 

D-5 

1.60  x  107 

2.56  x  102 

D— 6 

1.80  x  101 

2.88  x  102 

E-l 

4  . 

6.4  x  101 

E-2 

2.60  x  lOf 

4.16  x  10, 

E-3 

1.40  x  101 

2.24  x  102 

E-4 

0 

0 

E-5 

0  . 

0 

E-6 

1.20  x  icr 

1.92  x  102 

F-l 

2 

3.2  x  101. 

F-2 

5.40  x  101 

8.65  x  1G2 

F-3 

6.00  X  101 

9.6  x  10% 

F-4 

8 

1.28  x  102 

F-5 

6 

9.6  x  101 

F-6 

4 

6.4  x  101 
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Table  1-4.  (CffirTIIiUED) 


Sampler 

identification 


IA-] 

I  A- 2 
I-IIA-3 
IIA-4 
IIA-5 


IIIA-1 

IIIA-2 

III-IVA-3 

IVA-4 

IVA-5 


VA-1 
VA-2 
V-VTA-3 
VTA-4 
VTA- 5 


VTIA-1 

VIIA-2 

VII-VIIIA-3 

VTIIA-4 

VIIIA-5 


IB-1 

IB-2 

I-IIB-3 

IIB-4 

IIB-5 


IIIB-1 

IIIB-2 

III-IVB-3 

IVB-4 

IVB-5 


VB-1 

VB-2 

V-VIB-3 

VIB-4 

VIB-5 


Total  cells 
per  inpinger 

Cells  per  cubic 
meter  of  air 

4.68  x  10 j 

3.80  x  107 

3.93  x  I07 

4.75  x  I07 

4.15  x  104 

7.49  X  10^ 

6.08  x  10' 

6.29  x  10' 

7.60  x  1C' 

6.64  x  10 

4.38  x  104 

4.13  x  104 

4.45  x  104 

3.80  x  104 

3.30  x  104 

7.01  x  IO5 

6.61  x  10^ 

7.12  x  IO5 

6.03  x  IO5 

5.28  x  IO5 

3.20  x  104 

3. 38  x  104 

3.30  x  104 

3.18  x  104 

3.45  x  104 

5.12  x  IO5 

5.41  x  IO5 

5.28  x  IO5 

5.09  x  10^ 

5.52  x  IO5 

3.55  x  104 

3.35  x  104 

4. 08  x  104 

3.18  x  104 

4.63  x  104 

5.68  x  IO5 

5.36  x  105 

6.53  x  IO5 

5.09  x  105 

7. a  x  IO5 

3.85  x  104 

3.65  x  10; 

3.28  r  lO4 

5-05  x  iO4 

4.48  x  104 

6.16  x  IO5 

5.84  x  10' 

5.25  x  10' 

8.08  x  10' 

7.17  x  IO5 

3.15  X  104 

3.00  X  104 

4.03  X  104 

3.75  x  IO4 

2.95  x  IO4 

5.04  x  105 

4.80  x  10 5 

6.44  x  105 

6.00  x  105 

4.72  x  105 

3.68  x  IO4 

4.20  x  104 

3.65  x  104 

3.30  x  104 

3.43  x  104 

5.89  x  10 5 

6.72  x  105 

5.84  x  105 

5.28  x  105 

5.49  x  105 
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Table  1-4.  (COilTLTUED) 


Sampler 

identification 

Tot'il  cells 
per  inpinger 

Cells  per  cubic 
meter  of  air 

VI  IB-1 

3.30  x  104 

5.28  x  105 

VIIB-2 

3.18  x  104 

5.09  x  10 5 

VII-VIIIB-3 

3.33  x  104 

5.33  x  105 

VIIIB-4 

3.50  x  104 

5.60  x  HP 

VIIIB-5 

3.73  x  104 

6.05  x  105 

IC-1 

1.80  x  10* 

■'..88  x  10^ 

IC-2 

1.76  x  10^ 

2.82  x  104 
(Sampled  30  seconds) 

I-IIC-3 

4 

6.4  x  101 

IIC-4 

1.52  x  102 

2.43  x  104 
(Sampled  30  seconds) 

IIC-5 

2 

3.2  x  101 

IIIC-1 

5.00  x  10* 

8.00  x  10^ 

IIIC-2 

3.16  x  HT 

5.06  x  104 
(Sampled  30  seconds) 

III-IVC-3 

6.60  x  10 1 

1.06  x  HP 

I  VC-4 

1.44  x  102 

2.30  x  104 

(Sampled  SO  seconds) 

IVC-5 

1.40  x  10-1 

2.24  x  102 

VC-1 

2.22  x  102 

3.55  x  103 

VC-2** 

2.82  x  102 

3.01  x  104 
(Sampled  45  seconds) 

V-VIC-3 

0 

0 

VIC-4 

3.10  3  102 

4.96  x  104 
(Sampled  30  seconds) 

VIC-5 

2 

3.2  x  id 

VIIC-1 

1.40  x  101 

2.24  x  102 

VIIC-2 

3.96  x  102 

6.34  x  104 
(Sampled  30  seconds) 
1.23  x  102 

VII-VIIIC-3 

8 

VIIIC-4 

3.72  x  102 

5.95  x  104 
(Sampled  30  seconds) 

VIIIC-5 

4 

6.4  x  101 

ID-1 

2 

3.2  x  10l 

ID-2 

3.00  x  10l 

4.8  x  102 

I-IID-3 

8 

1.28  x  102 

I  ID-4 

5.80  x  10l 

9.28  x  102 

,  I ID-5 

1.70  x  102 

2.72  x  102 

54 


Table  1-4.  (CONTINUED) 


Sampler 

Total  relic 

Cells  per  cubic 

-  identification 

per  impinger 

meter  of  air 

IIID-1  ' 

IIID-2 

III-IVD-3 

"IVD-4 

IVD-5 

VD-1  .  . 

VD-2  . 
V-VID-3 
VID-4 
VID-5 

VIID-1 
VI ID-2 
VII-VIIID-3 
VIID-4 
VIIID-5 

IE-1 

IE-2 

I-IIE-3 

IIE-4 

IIE-5 

IIIE-1 
IIIE-2 
III-IVE-3  ' 
IVE-4 
IVE-5 

VE-1 
VE-2 
V-VIE-3 
VIE-4 
VIE- 5  . 

VI IE-1 
VI IE-2 
VII-VIIIE-3 
VIIIE-4 
VIIIE-5 


4.20  x  101 
2 

1.40  x-101 
2 


1.20  x  101 

0 

4.20  x  101 

0 


3.40  x  10l 
0 

6.00  x  10l 
0 


1.60  x  101 
6 


1.00  x  101 
2 
6 
0 

0 

2.40  x  I01 
0 

2.60  x  101 
4 


1.40  x  101 
2 

3.20  x  10l 
0 


6.73  x  102 

3.2  x  10l 
2.24  x  102 
3.2  x  10l 


1.94  x  102 
0 

6.73  x  102 
0 


5.44  x  102 
0 

9.6  x  102 
0 

3.2  x  101 
6.4  x  101 
3.2  x  10l 
2.56  x  102 
9.6  x  101 


1.6  x  102 
3.2  x  101 

9.6  x  101 

0 


3.84  x  102 
0 

4.16  x  102 
6.4  x  101 


2.24  x  102 
3.2  x  10l 
5.12  x  102 
0 


Table  1-4.  (CONCLUDED) 


Sampler 

Total  cells 

Cells  per  cubic 

identification 

per  impinger 

meter  of  air 

IF-1 

1.00  x  10l 

1.6  x  102 

IF-2 

0 

0 

I-IIF-3 

1.44  x  103 

2.30  x  104 

HF-4* 

0 

0 

(Sampled  4  minutes) 

IIF-5 

1.67  x  103 

2.67  x  104 

IIIF-1 

4.00  x  101 

6.4  x  102 

IIIF-2 

0 

0 

III-IVT'-3 

1.04  x  103 

1.67  x  104 

IVF-4* 

0 

0 

(Sampled  4  minutes) 

IVF-5 

1.37  x  103 

2.19  x  104 

VF-1 

6.00  x  101 

9.6  x  102 

1.20  x  103 

1.92  x  104 

V-VIF-3 

7.00  x  101 

1.12  x  103 

VTF-4 

0 

0 

VTF-5 

1.55  x  103 

2.48  X  104 

VIIF-1 

3.28  x  102 

5.25  x  103 

VI  IF-2 

0 

0 

VTI-VIIIF-3 

1.31  x  103 

2.1  x  104 

VIIIF-4 

6 

9.6  x  101 

VIIIF-5 

1.84  x  103 

2.94  x  104 

*  Samplers  IIF-4  and  IVF-4  vere  aspirated  for  4  minutes. 

**  Sampler  VC-2  was  aspirated  for  45 

seconds. 

***While  sample  VF-2  was  being  ;aken 

,  volunteer  exited  chamber  F 

early. 
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Table  1-5.  Pre-mission  and  post-mission  swab  samples:  Challenge  No.  2 


Swab 

Pre- 

Post- 

Swab 

Pre- 

Post- 

no. 

mission 

mission 

no. 

mission 

mission 

1 

1 

0 

13 

0 

0 

2 

0 

0 

14 

0 

0 

3 

0 

12 

15 

0 

0 

4 

0 

0 

16 

0 

0 

5 

0 

0 

17 

0 

0 

6 

0 

0 

18 

0 

0 

7 

0 

4 

19 

0 

0 

8 

0 

0 

20 

1 

0 

9 

,  0 

0 

21 

0 

15 

10 

0 

0 

22 

0 

1 

11 

0 

0 

23 

0 

13 

12 

0 

0 

24 

0 

10 

25 


0 
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APPENDIX  II 


CHEMICAL  SIMULANT  TESTING  OF  THE  CB  MODIFICATION  KIT 
FOR  STRUCTURES 


SUMMARY  OF  DISSEMINATION,  SAMPLING,  AND  ASSAY  PROCEDURES 

■  Two  types  of  disseminators  were  used  to  produce  and  maintain  the  re¬ 
quired  concentration  of  Methyl  Acetoacetate  (MAA) .  Approximately  500  grams 
of  MAA  were  disseminated  by  the  "C"  generator  to  produce  the  initial  con¬ 
centration.  Two  Devilbus  nebulizers  disseminating  approximately  2  grams  per 
minute  were  used  to  maintain  concentration.  Since  this  was  not  sufficient 
to  maintain  the  required  100  milligrams  per  cubic  meter,  the  "C"  generator 
was  used  to  disseminate  250-gram  quantities  of  MAA  at  twc-hour  intervals 
throughout  the  test. 

All  glass  impingers  were  aspirated  at  12.5  liters  per  minute.  These 
contained  20  milliliters  n-octyl  alcohol  as  a  collecting  fluid.  Pre- 
impingers  were  not  used.  All  samplers  were  aspirated  for  approximately  five 
minutes  with  the  exception  of  even-numbered  samplers  at  station  C ,  which 
were  aspirated  for  0.5  minutes. 

Following  sampling,  impingers  were  returned  to  the  laboratory  for  analy¬ 
sis.  Additional  quantities  of  n-octyl  alcohol  were  added  to  bring  the  total 
volume  of  each  impinger  to  30  milliliters.  The  contents  of  each  impinger 
were  transferred  to  a  10-centimeter  cell  and  observed  on  the  nK2A  spectro¬ 
photometer.  Observations  were  conducted  at  a  wave  length  of  245  millimicrons, 
the  absorption  peak  for  MAA  in  n-octyl  alcohol,  and  at  300  millimicrons,  where 
MAA  does  not  absorb.  Absorbance  readings  at  300  millimicrons  were  attributed 
to  dust  and  were  subtracted  from  the  245  reading  to  obtain  net  absorbance  due 
to  the  presence  of  MAA.  Net  readings  were  compared  with  those  obtained  by 
the  preparation  of  a  calibration  curve.  Based  on  this  comparison,  absorbance 
reading  was  converted  to  quantity  of  MAA  per  impinger.  The  quantity  of  MAA 
per  impinger  was  divided  by  the  fraction  of  a  cubic  meter  sampled  to  provide 
an  estimate  of  MAA  concentrations  in  milligrams  per  cubic  meter. 

Additional  impingers,  aspirated  prior  to  the  introduction  of  MAA  into 
the  shelter,  were  used  as  backgrounds. 

The  contents  of  these  impingers  were  observed  on  the  spectrophotometer. 
Background  readings  were  converted  to  equivalent  quantity  of  MAA  per  impinger. 
The  average  background  was  equivalent  to  0.015  milligram  of  Methyl  Acetoacetate 
per  impinger  +  0.015  milligram  of  Methyl  Acetoacetate  per  impinger. 

The  chemical  simulant  challenges  were  conducted  using  the  same  procedure 
as  the  second  biological  simulant  challenge,  and  samplers  were  labeled  in  the 
same  manner  (see  Appendix  I).  Results  of  the  first  chemical  simulant  challenge 
are  contained  in  Table  II-l,  and  the  results  of  the  second  chemical  simulant 
challenge  are  contained  in  Table  II-2. 
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Swab  samples  were  taken  during  the  first  chemical  simulant  challer.g 
Due  to  inconclusive  results  the  requirement  was  deleted  from  the  second 
challenge,  and  the  results  are  not  included  in  this  report. 
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Table  II-l.  Aerosol  cloud  and  service  module  interior 
concentration  data:  Challenge  no.  1 


Station 

— 

mg  MAA/impinger 

Sampling  time 
(min) 

■  •  KAA/m3 

A-l 

11.2 

5.33 

1'..  7 

B-l 

10.3 

5.33 

154 

C-l 

Contaminated 

5.33 

Contaminated 

D-l 

<  0.015 

5.33 

<0.2 

E-l 

<  0.015 

5.33 

<0.2 

P-1 

<  0.015 

5.33 

<0.2 

A-2 

7.86 

5.0 

126 

B-2 

4.91 

5.0 

.  78.6 

C-2 

<  C.015 

5.0 

<0.2 

D-2 

0.020 

5.0 

0.3 

E-2 

<  0. 015 

5.0 

<0.2 

P-2 

<  0.  015 

5.0 

<  0.2 

A-3 

3.49 

5.0 

55.9 

B-3 

3.39 

5.0 

54.2 

C-3 

<  0.015 

5.0 

<  0.2 

B-3 

<  0. 015 

5.0 

<0.2 

E-3 

<  0.  015 

5.0 

<0.2 

P-3 

<  0. 015 

5.0 

<  0.  2 
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Table  11-1.  (Continued) 


Table  II-l.  (Continued) 


Station 


mg  MAA/inpinger 


Sampling  time 
(min) 


Bg  MAA/ml 


I  II  E-3 
I  II  F-3 


II  C-4 


II  A-4 
II  B-4 
II  D-4 
II  E-4 


II  F-4 


II  A-5 
II  B-5 
II  C-5 
II  D-5 
II  E-5 
II  F-5 


III  A-l 


<  0.015 
0.155 


0.0  '10 


<  0.015 

<  0.015 


Tabic-  II-l.  (Continued) 


Table  XI-1.  (Continued) 


Station 

mg  MAA/inpinger 

Sampling  tins 
(tain) 

eg  MAA/n? 

III  IV  P-3 

0.115 

5.0 

1.9 

IV  C-4 

0.035 

0.50 

5.5 

IV  A-4 

3.06 

5.0 

48.9 

IV  B-4 

Sampler  broken 

IV  D-4 

Sampler  malfunction 

IV  E-4 

<0.015 

5.0 

<0.2 

IV  P-4 

0.015 

5.0 

0.2 

IV  A-5 

2.95 

5.0 

47.2 

IV  B-5 

2.62 

5.0 

41.9 

IV  C-5 

<0.015 

5.0 

<0.2 

IV  D-5 

Sampler  malfunction 

IV  E-5 

<0.015 

5.0 

<0.2 

IV  F-  5 

0.080 

5.0 

1.3 

V  A-l 

Missing 

V  B-l 

0.97 

5.0 

15.6 

V  C-l 

0.95 

5.0 

15.2* 

Table  II-l.  (Concluded) 


Station 

mg  MAA/impingor 

Campling  time 
_  (cin) 

mg  HA A/m3 

VI  C-4 

0.172 

0.5 

27.6  » 

VI  A-4 

5.35 

5.0 

85.6 

VI  B-4 

'  5.51 

5.0 

83.2 

VI  D-4 

<0.015 

5.0 

<0.2 

VI  E-4 

<0.015 

5.0 

<0.2 

VI  F-4 

<0.015 

5.0 

<0.2 

VI  A-5 

4.31 

5.0 

69.0 

VI  B-5 

3.98 

5.0 

63.8 

VI  C-5 

1.06 

5.0 

17. 0* 

VI  D-5 

<0.015 

5.0 

<0.2 

VI  E-5 

<0.015 

5.0 

<0.2 

VI  F-5 

O.lPO 

5.0 

2.9 

*  Sampler  conta mi  nation  suspected 
**  Volume  loss 

i 


€7 


Table  II-2.  Aerosol  cloud  and  service  module  interior  concentration 
challenge  no.  2 


Table  II-2.  (Continued) 


Station 

mg  MAA/impingor 

Sampling  time 
(min) 

ng  KAA/q3 

I  II  E-3 

<0.015 

5.0 

<0.2 

I  II  P-3 

0.023 

5.0 

2.0 

II  C-4 

0.052 

0.5 

8.2 

II  A-4 

3.06 

5-0 

48.7 

II  B-4 

3.28 

5-0 

52.2 

II  D-4 

Sampler  malfunction 

II  E-4 

<0.015 

5.0 

<0.2 

II  P-4 

<0.015 

5.0 

<0.2- 

II  A-5 

2.28 

5.0 

II  B-5 

2.60 

5.0 

II  C-5 

<0.015 

5.0 

II  D-5 

<0.015 

5.0 

<0.2 

II  E-5 

<0.015 

5.0 

<0.2 

II  P-5 

<0.015 

5.0 

<0.2 

III  A-l 

4.57 

5.0 

73.2 

5? 


Table  11-2.  (Continued) 


Station 

mg  MM/impingor 

Sampling  time 
(min) 

1 

mg  HAA/m3 

III  B-l 

4.56 

5.0 

73.0 

III  C-l 

<0.015 

5.0 

<0.2 

III  D-l 

<0.015 

5.0 

<0.2 

III  E-l 

<0.015 

5*0 

<0.2 

III  P-1 

..  .  .... 

<0.015 

5.0 

<0.2 

Ill  C-2 

0.077 

0.5 

12.3 

III  A-2 

4.02 

5.0 

64.4 

III  B-2 

3.47 

5.0 

55.6 

III  D-2 

0.070 

5.0 

l.l 

III  E-2 

<0.015 

5.0 

<0.2 

III  F-2 

<0.015 

5.0 

<0.2 

III  IV  A-3 

2.44 

5.0 

39.1 

III  IV  B-3 

2.12 

5.0 

33.8 

III  IV  C-3 

<0.015 

5.0 

<0.2 

III  r V  D-3 

0.040 

5.0 

0.6 

III  2 V  B-3 

<0.015 

5.0 

<0.2 
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Table  II-2.  (Continued) 


Station 

mg  MAA/implnger 

Sampling  time 
(min) 

ng  MAA/~3 

III  IV  F-3 

0.076 

5.0 

1.2 

IV  C-4 

<0.015 

0.5 

<  2.0 

IV  A-4 

1.79 

5.0 

28.6 

IV  B-4 

2.00 

5.0 

32.0 

IV  d-4 

Sampler  malfnni 

:ticn 

IV  E-4 

<0.015 

5.0 

<0  .2 

IV  P-4 

<0.015 

5.0 

<0.2 

IV  A-5 

1.78 

5.0 

28.5 

IV  B-5 

1.57 

5.0 

25.0 

I V  C-5 

<0.015 

5.0 

<0  .2 

rv  d-5 

<0.015 

5.0 

<0.2 

IV  E-5 

<0.015 

5.0 

<0  .2 

IV  p-5 

0.063 

5.0 

1.0 

V  A-l 

4.40 

5.0 

70.5 

V  B-l 

4.90 

5.0 

78.3 
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INTRODUCTION 

Tlia  Air  Force  Armament  Laboratory,  through  Project  Directive  37fe'vOC4, 
requested  that  this  Division  evaluate  the  C3  Modification  Kit  for  Structu 
from  a  human  factors  standpoint.  The  data  for  this  evaluation  was  collee 
during  the  Eglin  teat  of  the  system. 

The  evaluation  is  divided  into  four  parts: 

1.  CB  Modification  Kit  Design 

2.  System  Controls  —  Design  and  location 

3.  Equipaent/Control  Labeling 

4.  Biomedical  (Personnel  Safety)  Aspects  cf  the  Systsa. 


TEST  PROCEDURES 

The  human  factors  engineer  assigned  to  this  project  observed  tost  sub¬ 
jects  as  they  were  required  to  utilize  the  modification  kit.  Subsequent  to 
actual  shelter  pass-throughs,  test  subjects  were  interviewed  concerning  any 
problems  encountered  daring  their  use  of  the  system.  Pertinent  comments 
made  by  test  subjects  and  on-the-spot  data,  recorded  by  the  human  factors 
engineer,  were  used  in  evaluation  of  the  system.  Project  personnel  other 
than  test  subjects  also  were  interviewed  end  contributed  to  the  eubcentictt 
data  pool. 


Existing  design  features  of  4i 


IlHcati 


ccasended  dsdga  chaxacteristica  as  presented  la  Mr  Foies  sat 
and  design  handbaeka  relating  to  lasnan  factors. 


TEST  RESULTS  AND  DISCUSSION 


MODIFICATION  KIT  DESIGN 


Considering  the  limited  amount  of  space  available  in  a  shelter  of 
the  type  being  tested,  allocation  of  space  and  compartraentalization  are 
adequate.  Test  subjects  and  project  personnel  working  with  the  shelter  are 
well  pleased  vdth  its  roominess  for  the  tasks  that  must  be  performed. 

From  the  human  factors  viewpoint  (i.e.,  primary  consideration  being 
given  to  the  'ten11  in  the  man/machine  interface  process),  the  allocation  of 
space  and  the  personnel/ per f ortranc e  flow  required  by  the  system  is  very  well 
organised.  However,  the  modification  kit  does  present  a  few  minor,  but 
nevertheless,  important  problems. 

Consider  initially,  for  example,  the  selection  of  an  area  for 
set-up  of  the  modification  kit.  Locally,  geographical  placement  of  the 
unit  was  not  difficult  since  relatively  level  ground  was  readily  available. 
Because  of  this,  the  question  of  whether  the  unit  needed  to  be  leveled 
before  operation  was  not  important.  Project  personnel  have  stated,  however, 
that  the  kit  is  primarily  fabricated  from  aluminum  for  durability  without 
weight.  Contractor  personnel  have  stated  that,  because  of  its,  lightweight 
construction,  the  unit  must  be  erected  on  relatively  level  ground  (i.e,,  kit 
weight  must  be  uniformly  distributed  on  its  base)  or  the  framework  of  the 
unit  may  distort  and  cause  the  doors  of  the  kit  to  become  inoperable.  As 
far  as  can  be  determined,  even  though  there  is  a  requirement  for  a  level 
area  for  kit  emplacement,  no  guidelines  are  available  for  this  requirement. 
Specific  limits  in  this  regard  should  be  available  for  operator  personnel 
in  a  field  situation.  This  would  prevent  confusion,  reduce  kit  erection 
time,  and  insure  proper  kit  erection. 

The  CB  modification  kit  has  incorporated  an  emergency  lighting 
unit  near  the  exit  airlocks  (unit  faces  the  shower  stall).  This  unit  has 
not  been  used  during  the  testing  phase  at  Eglin  AFB.  It  is  considered  a 
necessary  unit,  however,  and  consequently  should  be  installed  correctly. 


As  presently  attached,  the  small  meter  located  on  Jv  unit  to 

indicate  battery  charge  is  on  the  underside  of  the  outer  casing,  oriented 

toward  the  eodificatioa  hit  floor,  Xn  other  words,  a  person  desiring  to 
■read  the  meter  display  would  be  required  to  stand  directly  under  the  light. 
Th®  indicator  in  net  readable  fxoa  a ay  other  part  e-f  the  kit.  This,  of 
corn's®,  eiisiinat.as  'the  possibility  of  Ej&iug  quick  check  readings  of  the 
lais>  a&d  also  requires  that  the  person  involved  eava  to  the  lamp,  crouch 
uadsr  it,  and  Bake  the  reading. 


The  Mt  heater  unit  is  located  in  a  perforated  door  which  separate 
the  service  nodule  from  the  exit  passageway  (see  Figure  112-1).  The 
heater  is  so  located  to  enable  rapid  convective  heating  of  the  modification 
kit  by  the  action  of  the  blower  units  which  port  into  the  exit  passageway. 

During  decontamination  procedures  the  kit  heater  should  maintain 
the  inner  temperature  within  a  specified  comfort  range.  K2L-STD  £oj/w>,A 
page  3?,  states: 

"Temperature  should  be  variable  according  to  the 
worker*s  physical  activity  and  clothing.  For  per¬ 
sonnel  engaged  in  light  work,  the  ambient  tempera¬ 
ture  should  be  between  68°F  and  82®?,  with  moderate 
relative  humidity  (approximately  45$),  and  air  move¬ 
ment  of  15  to  25  feet  per  minute." 


Figure  IH-1.  CB  Modification  Kit  floor  plan  (reproduced  from  Phase  XX 
Design  Evaluation  Report,  22  January  1953) 


1.  Human  engineering  Design  Criteria  for  Mrosorse  Syr* 
P MS  2,  Aerosprce  FSilitioB  ar. jollity  ISm- 
19C4.  (Tills  document  b::3  been  eapsreeded,  bat  the  infos 

relevant  and  applicable.) 


It  is  imperative  that  the  heater  within  the  kit  be  of  sufficient 
size  to  allow  the  maintenance  of  temperature  at  least  up  to  the  82°F  point. 
This  is  necessitated  by  the  fact  that  personnel  could  be  required  to  remove 
all  their  clothing  for  decontamination  (which  would  include  a  shower)  prior 
to  entry  into  a  decontaminated  structure. 

During  environmental  testing  of  the  modification  kit,  it  was 
placed  inside  the  Climatic  laboratory  chamber  and  the  temperature  was  lower¬ 
ed  to  -22° F.  At  this  temperature,  the  internal  heater  at  full  operation, 
with  sufficient  time  to  heat  the  kit,  provided  the  following  temperatures 
in  the  shelter.  (See  Figure  III-l  for  location  of  modification  kit  compart 
msnts  listed  In. Table  III-l.) 


Table  III-l.  Temperature  readings  taken  in  compartments  within  the  modifi¬ 
cation  kit.  Ambient  (chamber)  temperature  was  -22°F. 


Compartment 

Type  of  readings  taken 

Temperatures  (°F)» 

Entrance  airlock 

Air 

+16  to  +20 

Undressing  roam 

Air 

+6  to  +24 

Floor 

+2  to  +50 

Shower 

Floor 

+27  to  +78 

Dressing  rcca 

Air 

+15  to  +50 

Floor 

+8  to  +12 

Exit  airlock 

Air 

+8  to  +12 

|*  Temperature  fluctuation  was  caused  by  the  heating  action  of  the  shower. 

CONTROL  DESIGN  AND  LOCATION 


There  are  a  limited  number  of  controls  which  must  be  operated  by 
individuals  utilizing  the  modification  kit.  They  may  be  divided  into  two 
groups*  those  requiring  operation  during  a  decontamination  exercise  (i.e., 
door  handles,  shower  controls,  etc.)  and  those  which  can  ba  preset  and  are 

generally  nut  eanipalateS  by  gefescsssel  passing  through  the  kit  (i,e„,  wanw 
fcg  light  tiring  cycle,  vr.ter  kaatsr  siting,  etc.) 


.The  tvr’evily  cf  centrals  to  tha  £n:r 

is  .i c!  ' 


era 


wall  d  : 


if-..-  r  ,, ««.  ».•*  ,  n?-,. .*  -  r.?,  ~  ,% 


?a 


The  control  is  designed  and  located  appropriately  but  when  it  was  installs 
in  the  kit  a  hole  was  drilled  through  the  control  scale  and  a  screw  passed 
through  this  hole  to  attach  the  unit  to  the  wall.  The  control  and  scale 
now  appear  as  shown  in  Figure  IIX-2,  KXL-STD  14723£  page  63,  states  that 
the  primary  purpose  for  scales  of  the  type  being  discussed  is  to  enable 
quick,  easy  settings  of  the  control  and  to  eliminate  confusion.  These  pur 
poses  are  not  fulfilled  by  the  present  heater  control  seals. 

Of  the  pre-set  shelter  controls,  the  most  poorly  designed  arc  th 
rotary  selector  knobs  used  to  set  the  time  delay  for  the  E7XI3  and  VM1  Id 
located  in  the  entry  airlock.  These  controls  are  located  in  function  box 
no.  1  near  the  water  heater  within  the  service  area  of  the  shelter.  Proje 
test  personnel  have  stated  that  the  control  scales  are  not  correct,3 


Figure  III-2,  Modification  kit  heater  control 
knob  as  presently  configured  (Mote  screw  head 
located  near  scale  no.  2.) 


2,  Biffixa  Engineering  Design  Criteria  for  Military  S; 
laeilities,'  datal  9  February  1566. 


3,  These  control  units  era  off-the-shelf  .'Sh; 

not  calibrated  in  seconds;  I isnea,  they  are  ©saaingle; 

paired  in  the  Ecdifieation  kit.  . 


The  two  controls  (one  for  each  of  the  lights)  are  not  marked,  and 
it  is  impossible  to  tell  which  control  services  which  light.  Also,  their 
present  location  prevents  easy  access.  With  the  shelter  in  operation  a 
shelf  unit  is  affixed  in  front  of  this  particular  junction  box  and  control 
adjustment  would  require  complete  removal  of  this  unit  for  access.4  MIL- 
STD  l'i72,  page  67,  states  in  regard  to  the  above  points  that, 

"Controls,  displays,  and  other  items  of  equipment 
that  must  be  located,  identified,  read  or  mani¬ 
pulated  shall  be  appropriately  and  clearly  (marked) 
labeled  to  permit  rapid  and  accurate  human  per¬ 
formance  . " 

KEELING 

The  inner  door  of  the  kit  entry  airlock  has  no  man-operated  access 
latch  (i.e.,  no  hand-actuated  access  device).  The  inner  door  is  mechanically 
interlocked  with  the  outer  door,  however,  and  when  the  airlock  is  entered, 
the  inner  door  will  not  become  operable  until  the  outer  door  is  closed.  The 
mechanical  interlock  is  then  released,  and  the  inner  door  may  be  opened  by 
5  push.  (Reference  Figure  1II-1.) 

Located  on  the  inner  door  is  a  small  (approximately  8  inches  by  3 
inches)  metal  push  panel  which  may  be  used  to  gain  entry,  when  appropriate, 
into  the  service  area.  This  push  panel,  however,  is  designed  as  though  it 
should  be  pulled  to  allow  entry  into  the  service  area.  At  its  base  is  a 
curved  lip  which  implies  that  the  hand  is  to  be  inserted  and  the  door  is 
to  be  pulled  open. 

There  is  no  labeling  in  the  access  airlock  which  indicates  correct 
door  movement.  Personnel  consistently  attempt  to  pull  the  door  open  on 
their  first  and,  occasionally  subsequent  shelter  pass-throughs. 


4,  It  is  realized  that  these  controls  are  pre-set  and  are  not  to  be  mani¬ 
pulated  by  personnel  passing  .through  the  shelter.  However,  when  changes 
in  control  settings  are  required,  they  should  ba  effected  as  quickly  as 


iesenv  ioeaxae a  or  tssaa 


r.-ir.ivv 


Bo 


appropriately »  -&© 
-  for  t3io  ;'two  cited  ■ 
During  the  \&crie& 
viewed  s'abicK.;’'nt 
protective  c.lotrJ.;:- 
concerning  Ms'  dir 
to  show  correct  cc 
subject  fcas  repair, 
subject's  answer  w 
temperature  costafe! 
in  the  protect iva  j 
have  been  escnlifcd. 
bee, rase  several  pet 
with  co-.labal  or  « 
be  r.li&rsred  with  cc 
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3.  The  modification  kit  heater  is  not  of  sufficient  size  to  warn 
the  shelter  as  required * 

4.  The  heater/temperature  control  scale  is  not  designed  to  allow 
efficient  adjustment  and  reading. 

5.  The  modification  kit  KITES,  and  WAIT  light  controls  do  not  have 
proper  scales,  are  not  marked  as  to  their  respective  functions,  end  are  not 
located  for  easy  access. 

6.  The  access  door  leading  from  the  entry  airlock  into  the  ser¬ 
vice  module  is  not  marked  to  indicate  entry  procedure. 

7.  The  modification  kit  shower  controls  are  net  labeled. 


REGC1  lIENDATICi'IS 

1.  Level  limitations  or  contour  requirements  for  the  ground  on  which 
the  modification  kit  is  to  be  installed  should  he  placed  in  the  appropriate 
section  (i.  e.,  system  erection/installation  procedures)  of  the  technical 
manual  published  for  this  system.  Also,  if  any  special  tools  (i.e.,  level 
indicators,  etc.)  are  needed  to  determine  or  effect  these  requirements, 
they  should  be  issued  as  part  of  the  kit  equipment.  (The  level  indicators 
could  be  permanently  mounted  on  the  shelters,  as  in  other  systems  such  as 
the  407L  Tactical  Air  Control  System.) 

2.  A  special  bracket  should  be  built  for  the  emergency  lighting  units. 
The  bracket  could  be  constructed  so  the  unit  could  be  mcmitei  vertically, 
enabling  efficient  check  readings  of  its  incorporated  etatas  me tor. 

3.  The  kit  heater  should  be  increased  in  size  to  insure  adequate  In¬ 
ternal  temperature  ranges  for  personnel  use  during  inclement  weather. 

4*  The  modification  kit  heater/ temperature  control  should  be  affixed 
to  the  wall  in  a  manner  which  eliminates  the  need  to  obliterate  a  portion 
of  the  control  scale. 

5.  The  modification  kit  E2STSR  and  WAIT  light  controls  should  be  modi¬ 
fied  as  follows :  ;• 

a.  The  scales  should  be  redesigned  for  use  in  osntrdldr-j  r.-vd 

catting  time  indications  in 


63 


b.  Each  of  the  two  controls  should  be  marked  to  indicate  which 
light  (OTTER  or  WAIT)  it  services. 

c.  The  controls  should  be  mounted  for  easier  access.  A  simple 
correction  might  be  to  cut  an  opening  in  the  rear  of  the  shelve  unit  (large 
enough  to  enable  access  to  junction  box  no.  1)  to  preclude  removal  of  that 
unit  when  setting  the  controls. 

6,  The  access  door  from  the  entry  airlock  to  the  service  module  of  the 
kit  should  be  labeled  PUSH  TO  OPEN. 

7,  The  modification  kit  shower  controls  should  be  labeled  according 

to  their  functions  and  directional  movements  required  for  alteration  of  water 
temperature. 

8,  A  dual-dcor  configuration  (similar  to  that  recommended  in  the  Phase 
II  report,  page  2J)  should  be  incorporated  in  the  contaminated  clothing  dis¬ 
posal  chutes.  It  is  realized  that  the  original  design  (as  in  the  Phase  II 
report)  could  not  be  incorporated  because  of  specifications  as  to  overall 
shelter  size.  A  similar  configuration  should  be  arranged,  however,  to 
eliminate  the  possibility  of  modification  kit  contamination. 


L 
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An  engineering  evaluation  was  conducted  on  the  CB  Modification  Kit^f-oa^trk-etasec* I 
"  Environmental  testiag'  demonstrated  the  ability  of  the  system  to  withstand* ■sxtremijs 
of  temperature,  dust,  and  rain.  Floor  budding  and  corrosion  prevented  operation 
after  humidity  testing.  CB  simulant  testing  demonstrated  that  the  system  meets 
design  requirements  and  will  protect  personnel  with  99.6  percent  efficiency  in 
chemical  simulant  (Methyl  Acetoacetate)  concentrations  up  to  ICO  mg/m3  and  with 
99.99  percent  efficiency  in  biological  simulant  (Bacillus  globigii)  concentrations 
up  to  ID6  cells/m3.  A  C-123  aircraft  will  accommodate  the  service  module  and  3 
filter-blower  units.  \ 
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